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Low-Level Aerial Photography as a Manage- 
ment and Research Tool for Range Inventory 

‘T.U. HEINTZ, .l.K. l.EWIS, AND S.S. WA,.,,ER 

Abstract 

,111 inexpensive technique i? reviewed fix using low-level aerial 
photography as a management and research toal fi,r range. 
Iloditications of a previously documented camera mount are 
reported that allow greater tlexihility in the use of aerial photo- 
graphy for range evaluation. This technique involves the use af 
color infrared film with a 135mm telephoto lens double filtered 
with orange and magenta filters. 

As increasing demands are placed on our private and public 
rangclands. care “1”~ be taken to manage these valuable 
resources in such a way as to maintain them in a productive 
condition. To manage rangelands properly. record\ <,f annual 
vegetative changes should be maintained and evaluated. Vege- 
tation samples are usually clipped to provide records for 
documenting changes in vegetation. This requires a substantial 
i~~~i~unt of labor. time. and money. Collecting information 
alxwt chanses in vegetation utilizing low-level aerial photw 
graph! can reduce time. labor. and exlxns. 

Aerial photographs from a light plane can be obtained rapidly 
with a minimum amount of labor. These photo+vaph> contain 
valuable information that can be used for managing private and 

lpublic lands. and for range research purposes. Many agencies 
,lll-ds~d) 1~3~ the rnece\\ary equipment at thiir dispoul lir 

collecting aerial photographs. The Bureau of Land Management 

m Montana has used a P-mm aerial photography system fw 
wve~-al years (Meyer and Gerbig 1973). This method of data 
collection enabled them to inventory study plots more rapidly 
than tl-oni the ground. Small format (35.mm) aerial lphoto- 

~v,q’l~y I’rom light ail-craft Iha great potential a\ pan of a z 
uxvd~nated system of range inventory. Aerial photograph\ of 
11~ wne area at different times during the yearand fn)m year LO 
yeal- can provide information on patterns of growth and utilize- 
tion of range vegetation. vegetative change. range condition. 

and occur-rence of biotic disturbance as well as an overall view 
of the area. 
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operator to view the tli_eht line from the rear seat of the airplane. 
However. direct observation through the viewfinder was found 
to be the most foolproof sighting method available for use with 
the removable outside mount. Goggles were neccswy to 
/>rotect the photographer‘s eyes. 

Use of Imagery 

Inx~~,eiery from this system was used to delineate soil and 

ve+at~on patterns and to stratify clip-plot locations in range 
research projects. Stratification of clip-plot locations on a 
\olodizzd-solonetr soil complex near Rapid City using Iow- 
level aerial photography reduced the number of sample5 needed 
liv sampling weight of western wheatgrass (Agwpyon .smirlGi: 
Beetle iY70. Van Brugeen IY76)’ to within IO’/ of the mean 
nit11 Y5(h probability from 430 to 30 plot\ (Weller et al. 1978). 
Tbi\ resulted in a great saving of time, labor. and money. 

AIM). pictures were taken alone permanent tlight lines 

located in the experimental pastures at Cottonwood. These 
l’lisht lines ranfed from 181 m to Yl4 m in length and were 
located on hey LI\C area\ in low. medium. and high range 
condition. Pictura were taken monthly during the growing 
wnwn in 1Y7h and 15277 in conjunction with color infrnred 
rtcrwgrams taken from a height of about I m supplcmcnted 

M ith clipplot inftxmation. This imagery was tdken a\ pan of a 

range ecosystem tnventory method which is being developed. 

Costs 

The cost of this method of data collection was relatively low 
after the initial purchase of the camera system. About $900 was 
tn\e\ted in the camera. lens. and motor drive, with the mount 
awing 360 and developing equipment S60. Airplane expense 
ua\ $3 I per hour. film $2.75 perroll. and proccssinf chemicals 

ahout $1 .10 per roll. Labor costs must also be included for the 
photo$rapber and film processor. When comparing these costs 
to those incurred when u\ins larger format (small-scale photo- 

gphy) aerial photography, such as that from ii remote sensinp 
asency, the method described in this article is a very economical 
method of data collection. One routine photo mission flown 

over the Ranee and Livestock Experiment Station by the nearest 
remote sensing agency would have cost over $I, 100. The cash 

CM of one mission with nearby light aircraft was only $70. 
rhu\. the saving derived from the first mission was sufficient to 
~more than offset the cost of all the photographic equipment. Not 
only is this system economical, but it also possesses outstanding 
tlexibility with regard to tlight time and film processing. which 

15 cxtrcmely important in a region with variable weather. 

Summary 

Land manager\ need a fast, reliable, inexpensive method of 
@ering information to wisely manage their resource. Photo- 
“raphy l’rom light aircraft can partially replace traditional labor- L_ 
IIIICII\I\C information eathering methods and hold\ great 
prom,\c for the future. 

Literature Cited 



Herbage Response to 
Stocking Intensities 

H. WALT VAN POOLLEN AND JOHN R. LACEY 

Abstract 

A review of pertinent literature shows that grazing systems and 
grazing intensities both influence herbage production on Western 
ranges. Mean annual herbage production increased by 13% when 
grazing systems were implemented at a moderate stocking inten- 
sity. Increases were larger (35% and 27%) when continuous 
livestock use was reduced from heavy to moderate, and moderate 
to light, respectively. This suggests that adjustments in livestock 
numbers have a greater effect on herbage production than do 
grazing systems. 

Grazing systems are bein g implemented on Western ranges 
by land management agencies. These agencies use studies by 
Hormay and Talbot 193 I, Hormay and Evanko 1958, Merrill 
I PG. Reardon and Merrill I Y 70, Martin 197.3, and Hickey and 
Ciarcia 196-l. among others, to support this action. These 
trrazing system studies report better livestock distribution, c‘ 
Irreater herbage and livestock production, and improved range 
bondition. However, literature reviews (Hickey 1968; Heady 
1% I : Herbel I97 I ; and Shitlet and Heady I97 I ) also sum- 
marize grazing system studies which report nonsignificant 
&tge responses. reductions in livestock production, and cost 
increases. Some researchers (Heady 1% I ; Mathis and Koth- 
mann I9h8; Cook l9hh; and McMeekan 1956) feel that 
vegetation is affected more by grazing intensity than by grazing 
systems. 

One objective of this paper is to review and analyze data from 
CTrazIng 2 system and grazing intensity studies. The second 
objective is to determine whether livestock adjustments have a 
crrcater effect on herbage production than do grazing systems. t 

Met hods 

We havt: compared specialized grazing systems to continuous 
grazing. Heady (19hl) treated rotation, deferred, rest rotation, and 
deferred rotation systems as specialized systems and considered 
seasonlong and yearlong grazing to be continuous use. This approach 
is logical because differences between vegetative types and periods of 
use and nonuse make it difficult to compare one specialized system to 
another. 

Herbage production data are the most reliable measure of grazing 
management procedures (Klipple 1964). Consequently, grazing 
studies were reviewed to find those which compared herbage pro- 
duction data under continuous use and specialized grazing systems. 
Rchults were used only from studies describing use at a moderate level 
(-iO-hO(% ). Herbage production under the respective systems was 

I IIC ,1uthor\ N 141 to thanh Dr Rohcrt I’ C;~hhtxs and Dr P,tt 0 Currle tor their helptul 
:c\ ,c\\ \ 
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Grazing Systems and 

tabulated from each of 18 studies and the difference in productive- 
nesb between the grazing systems and continuous are determined. An 
average difference for all studies was calculated. An average dif- 
ference was also calculated for the four geographic regions. These 
means were compared by an analysis of variance. We have used these 
average differences as a measure of the vegetal response that can be 
expected when a specialized grazing system is implemented. 

Differences in herbage production under light, moderate, and heavy 
IiLcstock use were also tabulated from I3 studies. Results were used 
only from studies describin g use at a comparable level as follows: 
heavy. hO-8O’k ; moderate, 40-60%; and light JO-40%. Average 
differences between production at the three use levels were calculated. 
An average difference was also calculated for two geographic regions. 
Thc\e means were compared by an analysis of variance. We have used 
these average differences as a measure of the vegetal response which 
can be expected when livestock use is reduced from heavy to 
moderate. and from moderate to light, respectively. 

Results and Discussion 

Hcrbage Response to Grazing Systems 
Herbage production averaged 13% higher when livestock use 

\\;I\ controlled by a specialized grazing system. rather than 
bcillg continuous (Table I ). Two of the studies (Hamilton et al. 

: ! 7 
L 

T 

__i_ 

....‘.“.” GRAZING SYSTEM 
------ MODERATE TO LIGHT 

- HEAVY TO MODERATE 

NORTHERN FLINT WESTERN 
GREAT HILLS RANGES 

PLAINS 

GEOGRAPHICAL AREA 
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Table 1. Herbage production (lb/acre) under grazing systems and con- 
tinuous use, and mean differences in production for 18 studies in 6 
geographical areas. 

Production 

Grazing Continuous 
Author Geographic Area System Use Percentage difference 

Northern Great Plains 
Black et al. 1937 
Blacketal. lY4Z 
Campbell I96 I 
Hubbard I95 I 
Lodge 1970 
Smoliak I960 

Flint Hills 
Herbel et al. 1959 

Ordinary upland 
Limestone breaks 
Clay upland 

Ouen\by et al. I973 
Loamy upland 
Breaks 
Clay upland 

Smithetal.. 1978 

Texas 
Kothmann et al. I Y75 

Deep upland 
Deep upland 
Rolling hills 
Rolling hills 

Kcng et al. I YhO 
Rcardon et al. I Y70 

Southwest 
hlartin I970 
Martin I973 
Martin el al. IY7h 

Site I 
Site II 
Site III 

f’ac~l IC Northwest 
Hamilton lY45 
Shoclln et al. lY70 

Grassland 
Forest 

Ai crags for Western 
Range4 

_ 

-No difference- 0 

-No difference- 0 

1350 

-301 
489 

1952 
I996 
I346 

45’1 
3564 
431 I 
2759 

1532 
I227 
1287 
I054 

Higher 
I I88 

3’0 
-s9 

551 
I95 
357 

Higher 

+51 
-108 

-2YX 

I163 
Higher 
-161 I 

465 

I 6 
-I.! 
-I3 

c 
J 

s=-.7%.S=1 l,S.I-=4* 

I 744 12 
1499 33 
I II6 71 

4318 
3898 
3657 
3604 

‘3 
I8 
h 

,?- I ;.s= 1(~.ss=4:‘~ 

1’33 
955 
723 
788 

481 

24 
‘8 
39 
34 
‘5 

147*:r 

s=zo. S=h..s.?3” 

550 -hO 
64 3Y 

394 
I75 
387 

47 
I I 

-8 

\-;I.J=(,l*s.\=~7-, 

Y 

f’l 
-13-l 

-35 

14.; 
I y.” 

-750 .’ 

IO ,_5: and Camf~bell 1% 1 ) investigated tame pastures, the 
rcllGnder native ranges. Reardon and Merrill’s ( 1976) study 
\\;I\ omitted from the analysis because the continuous use 
f)asture was grazed at a higher stocking intensity. The study of 
She\ tin et al. ( 1976) was omitted because utilization averaged 
_ 1 I(,( t‘or the t‘icc key species. Klipple’s ( 1964) datum was 
onl~tted because it was a statistical outlier (Li 1963). 

I krbqe response to grazing systems differed by geographi- 
cal area (Table I. Fig. 1). For example, when herbage response 

Table 1. Herbage Production (lb/acre) under two grazing intensities and 
mean differences in production for 14 studies in 9 geographic areas. 

Author 

Northern Great Plains 
Hanson et al. I970 
Johnson et al. I95 I 
Lewisetal. 1956 

Ridges 
South slopes 
North slopes 
Draw 

Rauzi 1963 
Reedetal. 1961 

Flint Hills 
Herbel et al. I959 

Ord. upland 
Limestone break 
Clay upland 

Launchbaugh I957 

Colorado Seeded Range 
Currie et al. 1970 

Agrop.‘,vrorl 
cristtrtutn 

Bromus irlerrnis 
Agcr and Brin 
Agrop~ron 

irltertnediutn 

New Mexico 
Valentine 1970 

Oklahoma 
Hazel1 I967 

Colorado 
Smith I YO7 

Wyoming 
Pond lY6l 

Granitic soil 
Sedimentary soil 

Utah 
cool\ I97 I 

Pacific Northwest 
Shovlin et al.. I Y76 

Grassland 
Forest 

Averac7e for Western 2 
Ranges 

I752 
I762 

1069 
1098 
I188 
‘509 

727 
314 

1318 
1528 
505 

IO96 

1082 
555 

I l8Y 

477 

49 

3172 

- 203 

.48 
1.18 

-45% 

+9 
-121 

Production 

Heavy Moderate % Change 

3093 I9 
1571 25 

I009 -6 
I300 I9 
1343 I3 
‘33 I --_ -II 
1574 II7 
381 21 

X=25%, s=40, X%14*** 

1749 33 
1499 1 

1116 1% 
1245 14 

X=43%,s=55,s.~=38*** 

1770 I7 
755 36 

1578 33 

894 87 
,T=_lJCd .S=_q)*SS= 15:‘::‘:::’ 

77 57 

3767 19 

+85 143* 

.74 5; 
I .48 _> 

-1 IQ 7h 

+57 5;; _ . 
-1’8 -5 

X=35% .s=37,s.i=8”“* 

under specialized grazing systems was compared to that under 
co~~t~nuous use. mean herbage production decreased 0.7?9%. 
Inc:cascd I7t7’/;. and increased 30+~~~/( in the Northern Great 
i’lairt5. f;lint Hills. and Texas. respectively. The three studies 
(hl,lrtin 1970: Martin 1973: Martin and Ward 1976) from 
~~rthcrn Arizona suggest that mean herbage response wi I I 
irlcrca\e blj o+-4 I ‘/( when grazing systems are implemented in 
tl\c’ Southwest. It is unrealistic to predict mean herbage rc- 
\l)onscs in the shortgrass prairie ot‘ Colorado or the f’acit‘ic 
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Northwest because of the restricted number of studies. The 
.Inalysis of variance showed the means were not significantly 

dit‘t’ercnt. However, Table I suggests that responses in the Flint 
Hills and Texas regions are similar, and that these are different 

Irom the responses in the Northern Great Plains. The data also 
suggest that additional research is needed in the Southwest 
before geographic differences can be fully analyzed. 

Table 3. Herbage production (lb/acre) under two grazing intensities and 
mean differences in production for 12 studies in 8 geographic areas. 

Author 

Production 

Moderate Light 

__.___ 

7c Change 

Variation measured on different range sites at or near the 

Santa Rita Experimental Range (Martin and Ward 1976); in the 
f-lint Hills region (Herbel and Anderson 1959); and in the Texas 
rugion (Kothmann et al. 1975) is similar to the variability 
hetic een geographical regions. Therefore, the I 3 2 8% increase 
I\ a realistic estimate of mean herbage response to grazing 
\yslcms on Western ranges. 

Northern Great Plains 
Hanson et al. IO70 
Johnson et al. I95 I 
Lewisetal. 19% 

Ridges 
South \lopes 
North slopes 
Draw 

Reed et al. I% I 

2092 
IS71 

IO09 
I300 
I343 
“11 a__ 

t281 

3700 77 
2043 30 

I059 5 
I289 -I 
I389 3 
2885 29 
f5M 4x 

x= - ‘7% 3 SE -, 78 s.T_= 1 I*** 

Herbage Response to Grazing Intensity 

I-Ieibage responses are fairly consistent when livestock num- 
ber\ are reduced on Western ranges (Tables 2 and 3). Mean 
herbage production increases 35 and 28% when use is reduced 
t’rom heavy to moderate. and from moderate to light, respec- 
ri\cly. Currie and Smith ( 1970) studied seeded pastures, the 
rcnlainder native ranges. Cook’s ( I97 I ) study was omitted from 
the analysis because he used a clipping technique to simulate 
li\cstock tTrazin<r ? Z on seven plant species. Data from Smith 
( i 007) and Sko~ lin et al. ( 1976) were not analyzed because their 
uriliLation levels were lighter than those considered in this 
anaIysi4. 

Flint Hills 
Hcrbcl et al. 1959 

(3rd. upland 
Limestone break 
Clay upland 

Launchbaugh I957 

1739 
1319 
I I Ih 
I245 

Only two geographic regions had enough studies to permit 
conlparison on native ranges (Fig. I, Tables 2 and 3). The 
:,nalysis of variance showed no significant difference. How- 
L’L~X. the response from reducin g livestock use from heavy to 
modcrate in the Flint Hills (42+65%) was higher than it was in 
the Northern Great Plains (3f17%). But the response from 
reducing livestock use from moderate to light was greater in the 
YIUorthcrn Great Plains than in the Flint Hills. The differential 
rcsponsc may retlect the interplay of short-. mid-. and tall-grass 
4pccics. 

Colorado Seeded Range 
Currie ct al. 1970 

Agropyrort 
c~risfatiitn 
Rrotnus irwrrnis 
Agcr and Brin 
Agropyrott 
itlrcrtnetliirrn 
Elytnus juncwts 

1770 
755 

1578 

894 
h38 

I2h4 0 
787 4 

1479 -6 

907 3 

885 3; 

j;c=S%,S= 18,S.i=8*** 

NW Mexico 
Valentine I970 77 I59 I 06 

Colorado 
Smith I%7 +8S +I8 -79 

Variation between range sites measured in South Dakota 
(Lewis et al. 1950) and in the Flint Hills (Herbel and Anderson 
1050) is similar to the variability between geographical regions. 
Thcrct’ore. the .;5? l-154. and the 282 1.1% increases are realis- 
tic estimates of mean herbage response to livestock adjustments 
that reduce use from heavy to moderate. and moderate to light, 
respectively. 

\I’\ om i ng 
Pond 1% I 

Granitic soil 
Sedimentary \oil 

Management Implications 

Tables I .‘. and 3 can be interpreted to predict herbage 
response c‘ ;o (Trazing management procedures on Western 
ranges. Herbage production can be expected to increase an 
.ILcracLt: of 13+-8’/ when grazing systems are implemented. 
t~ccler~l land management agencies could also use the 13?8% 
increase as a basis for associated livestock and socio-economic 
predictions in their environmental impact statements. 

kit ic Northwest 
Shoblin et al. 1976 

Grassland 
Forest 

A~eragc for Western 

Ranges 

.7-I 
I .A8 

- 11% 

+s7 
-12X 

+33 _ 15 9: 

- I08 Ih” 

,?=28c/( ,S=33,s_jz8”‘K’ 

Geographically. herbage response to grazing systems was 
most Lariable in the Southwest. This variation (ok4 I c/c) makes 
it dit‘t‘icult. if not impossible to predict consistent herbage 
rc~ponse. Therefore. it appears that livestock adjustments 
beionic increasingly important as a management tool in this 
region. In contrast. herbage response to grazing system imple- 
mentation is less variable in Texas. Thus. it becomes a more 
tb,rsiblc management tool in this region. 

It is not possible to evaluate grazing system implementation 
at ;I light stocking intensity. Gibbens and Fisser’s (1975) study 

c,n a big sagebrush range is most applicable. They felt that a light 
stocking rate was the reason vegetal cover did not show 
dit‘t’erences between rest rotation, deferred, or seasonlong 
crrazing. c‘ 

It is possible to compare the alternatives of implementing 
trruring system at moderate use or of reducing livestock Z 
numbers to a light level. For example, in the Northern Great 
i’lains. herbage response will increase by 27+-2 I % when 
llbeslock use is reduced from moderate to light. Herbage 
response lo grazing systems averages -0.759%. In this situ- 
Lition. livestock adjustments may be more economically feasible 
tar an individual operator (Klippfe and Bement 196 I ). But land 
management agencies must consider social, economic, and 
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other factors before they decide to adjust livestock from ment system for bunchgrass ranges. Calif. Forest and Range Exp. Sta. Misc. 

moderate to light, implement grazing systems, or do a combi- Pap. 27. I I p. 

nation of both alternatives. 
Hormay A L . and M.W. Talbot. 1961. Rest-rotation grazing-a new 

managkmentyystem for perennial bunchgrass ranges. U.S. Dep. Agr., Prod. 
Land managers are also confronted with the situation of Res. Rep. 5 1. 43 p. 

implementing-grazing systems and simultaneously reducing Hubbard,-William A. 1951. Rotational grazing studies in western Canada. J. 

livestock use from a heavy to moderate level. Tables 1, 2, and 3 Range Manage. 4:25-29. 

can be used to evaluate the alternatives. For example, livestock 
Johnson, Leslie E., Leslie A. Albee, R.O. Smith, and Alvin L. Moxon. 

adjustments result in a 35% and grazing systems a I 3% increase 
i95l. Cows. calves and grass. So. Dakota Agr. Exp. Sta. Bull. 412. 39 p. 

Keng, E.B., and L.B. Merrill. 1960. Deferred rotation grazing does pay 
in herbage production. These values can be adjusted pro- dividends. Sheep and Goat Raiser. 40: I?- 14. Extracted from Hickey, Wayne 

portionately to account for the total herbage response. It is C.. Jr. 1969. U.S. Dep. Agr., Forest Serv. 

assumed this would be an additive effect, resulting in the total 
Klipple, Graydon E. 1964. Early- and late-season grazing versus season- 

nqonse. Thus. livestock adjustments. from heavy to moderate 
long grazing of short-grass vegetation on the Central Great Plains. U.S. Dep. 
Aer.. Forest Serv. Res. Pap. RM-I I, Rocky Mountain Forest and Range 

use. would account for 73%, and grazing systems for 27% of the Eip. Sta., Fort Collins. Coio. I6 p. 

total herbage response when both are implemented simul- Klipple, G.E., and R.E. Bement. 1961. Light grazing-is it economically 

taneously . feasible as a range-improvement practice. J. Range Manage. 14:57-67. 
Kothmann, M.M., W.S. Rawlins, and Jim Bluntzer. 1975. Vegetation and 

Conclusions 
Results from a number of controlled grazing studies show that 

mean herbage production will increase by I3 + 8% when grazing 
systems are implemented, at a moderate use level on Western 
ranges. This is a smaller response than is obtained when 
livestock use is reduced from heavy to moderate, or from 
moderate to light. These livestock adjustments cause herbage 
production to increase by 352 14% and 28+- 13%, respectively. 
This suggests that land managers should place more emphasis 
on proper stocking intensity, and less on grazing system 
implementation. 
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Fertilizing and Burning Flint Hills Bluestem 

CLENTON E. OWENSBY AND ED F. SMITH 

Abstract 

Burned and unburned Kansas Flint Hills range was fertilized in 
early May with 0,40, and 80 lb N/acre/year and grazed from May 
1 to October 1. Fertilizing with 40 lb N/acre increased carrying 
capacity per pound of nitrogen applied more than 80 lb N/acre did. 
Maintenance of good quality range was favored by burning and 0 
and 40 lb N/acre compared to not burning and the same fertilizer 
rates. Eighty lb N/acre produced poor quality range whether 
burned or not. Individual steer gains were highest on burned 
pastures with 0 and JO lb N/acre compared to unburned pasture at 
those same rates or pastures with 80 lb N/acre whether burned or 
not. Increased carrying capacity on fertilized pastures compared 
to unfertilized gave higher gains/acre. 

Nitrogen is apparently the most limiting factor in herbage 
production of Kansas Flint Hills range (Owensby et al. 1970). 
Range fertilized at 50 lb/acre of nitrogen has produced twice the 
herbage of unfertilized plots (Mader 1956; Moser and Anderson 
196-C). Changes in stand composition toward cool-season 
‘7rasses and weedy forbs have been the major deterrent to 2 
nitrogen fertilization of Flint Hills grasslands. 

Anderson et al. ( 1970) indicated that cool-season grasses and 
weedy forbs were reduced by late spring burning. Gay and 
Dwyer ( 1965) in a one-year study on ungrazed Oklahoma True 
Prairie found that fire and nitrogen in combination produced 0.8 
ton/acre and I .O ton/acre more herbage at SO and 100 lb N/acre, 
respectively, than burned, unfertilized True Prairie. No fertili- 
zer response was obtained from unburned, fertilized areas. 

We studied the effects of no burning and late spring burning 
with 0. 40, and 80 lb N/acre on herbage production, stand 
composition, basai cover, and steer gains on bluestem range. 

Study Area 
Materials and Methods 

The study area was four 60-acre and two 44-acre pastures on the 
Kansas State University Experimental Range Unit (Donaldson Pas- 
tures) in the northern Kansas Flint Hills near Manhattan, Kans. Big 
bluestem (Amlropgm gerurdi Vitman), little bluestem (Andropogon 
sc~~puri~s Michx.), and Indiangrass [Sorghastrum rzuruns (L.) Nash] 
were the major dominants. Kentucky bluegrass (Poaprurensis L.) and 
sideoats grama [Boutelouu c’urtipemlulu (Michx.) Torr.], along with 
numerous perennial grasses, forbs, and woody species, constituted the 
remainder of the plant community. Soils were transitional udic ustolls 
to udolls. Range sites varied from deep, well-drained sites to rocky to 
clayey areas. Principal range sites common to all pastures were loamy 
upland and breaks (Anderson and Fly 1955). 

Treatments 
Nitrogen was aerially applied as urea in 1972 and as ammonium 

nitrate in 1973, 1974, and 1975 during early May to burned and 

unburned pastures stocked at various rates with yearling steers (Table 
I). Burning was the last week in April. 

Table 1. Nitrogen and burning treatments and stocking rates on six Flint 
Hills bluestem pastures, 1972-1975. 

~__ 
Burned 
(late April) 

Not burned 

N-rate 
(lb/acre) 

0 
40 
80 

0 
40 
80 

Stocking rates, steers 
(acres/animal unit) 

I972 1973 I974 I975 

5.0 5.0 5.0 5.0 
3.3 3.3 3.3 3.3 
2.2 2.2 2.8 2.8 

5.0 5.0 5.0 5.0 
3.3 3.3 3.3 3.3 
2.2 2.2 2.8 2.8 

Plant Census 
Basal cover and % composition were determined by the modified 

step-point system (Owensby 1973). Three sets of 500 points were 
taken in each pasture along lines forming a grid of the entire pasture. 
Analysis of variance was run on the change in basal cover and 
composition from pretreatment levels by certain species and groups of 
species for loamy upland and breaks range sites. 

Herbage Production 
Herbage remaining at growing season’s end was harvested from 

fifteen I / I O,OOOth-acre plots randomly located on loamy upland and 
breaks range sites m each pasture. Herbage was separated into 
perennial grass and forb-brush components, dried, and reported as 

pounds of dry matter per acre. Because cages tend to distort total 
herbage yield estimates (Owensby 1969), steer days per acre plus the 
herbage remaining after grazing were used to estimate total herbage 
production in each pasture. 

Cattle 
Steers. approximately I4 months old and individually identified, 

grazed the pastures from May 2 to October 3, I54 days. All were 
gathered the first of each month, penned overnight without feed or 
water, and weighed the next morning. 

Statistical Analyses 
Analyses of variance were run using subsamples to estimate the 

error variance since the experiment was not replicated. Though not 
completely valid statistically, those analyses indicate probable dif- 
ferences. 

Herbage Yield 
Results and Discussion 

Perennial Grass Component 
At the end of Lhe growing season. more perennial grass 

remained after grazing on unburned than on burned pastures 
(Table 2). On unburned pastures more perennial grass remained 
on the breaks than on loamy upland range sites, but on burned 
pastures amounts remaining were the same for both range sites. 
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Table 2. Perennial grass (lb D.M./acre) remaining on grazed loamy upland 
and breaks range sites at season’s end (1972-74 avg.). 

Not burned 
loam) upland 
breaks 

Burned 
loam) upland 
brcahs 

I \I) (,i ;\: 

0 

2067 
2910 

1489 
1177 

N, lb/A 

40 

1567 
2499 

1836 
1751 

80 

1.509 
2382 

I069 
1121 

On unburned pastures less perennial grass remained on fertiii- 
Led pastures than on the unfertilized; on the burned pastures 0 
and 80 lb/acre of nitrogen left comparable amounts, both less 
than u,here -40 lb/acre was applied. 
k‘or-h-brush Component 

Forb-brush herbage remaining at growing season’s end on 
CrraLed loamy upland and breaks range sites was the same c‘ 
regardless of N-rate on unburned pastures, but less remained on 
burned pastures at the 0 and 10 lb N-rates than on unburned 
pastures at the salne N-rates (Table 3). Forb-brush amounts 
remaining on the 80-lb, N-rate, burned pasture were com- 
parable to those of the unburned pastures. The 80-lb N-rate 
pasture did not burn well, which likely accounted for its 
similarity with unburned pastures in amount of forb-brush 
remaining. 

Table -3. Forb-brush (lb D.M./acre) remaining at season’s end on grazed 
loamy upland and breaks range sites (1972-74 avg.). 

Not burned 
loarn~ upland 
hreahs 

13 umed 
loamy upland 
brtxhx 

I \I) ,: --> 

0 

581 
462 

289 
IS5 

N. lb/A 

40 

533 
584 

‘h8 
3-13 

Steer- Lktys Plus Rernuining Herbage 
Higher stocking rates on fertilized pastures produced more 

steer days/acre (Table 1). After the first 2 years of the study, 
stocking rates on the 80-lb, N rate pastures were reduced 
because too little herbage remained at season’s end to maintain 
vigor of the dominants. A combination of steer days/acre and 
hcrbage production indicated that the 80-lb N-rate was not 
desirable since the 10 lb N/acre gave results nearly as good. 
Burning and 40 lb/A of nitrogen appeared to be the best for 
increasing stocking rate and maintaining herbage production. 
f’ltrt1t Ccws11.s 

Plant census is reported as the change in percentage compo- 
sition and basal cover of the major components of loamy upland 

Table 1. Steer days/acre on burned and not burned pastures with indicated 
nitrogen rates (I97L-1975). 

N. lb/A 1972-73 1971-7s 

0 15.5 15.5 
40 68.2 68.2 
x0 107. I x3.3 

and breaks range site from pretreatment ( I97 I ) to posttreatment 
(1975). 

Bawl Cover 
Big bluestem, Indiangrass, and Kentucky bluegrass exhibited 

greatest differences in basal cover changes among treatments 
(Fig. I ). Big biuesrem and Indiangrass basal cover increased 
on burned pastures with 0 and 40 lb N/acre during the +year 
period, but decreased on the unburned pastures with the same 
fertilization rates. On pastures with 80 lb N/acre big biuestem 
and Indiangrass basal cover decreased whether burned or 
unburned. Apparently, burning favored those warm-season. 
sod-forming grasses. The 80 lb N-rate pastures were probably 
stocked too heavily, which likely reduced vigor of palatable, 
preferred species. 

Lbs N/Acre 

+15 

1 0 40 

80 m burned 

+10- BIQ Bluestem 

+05- 

lndmngrass 

Kentucky Bluegrass 

Kentucky biuegass basal cover increased as nitrogen rate 
increased on unburned pastures (Fig. I ). On burned pastures the 
basal cover changes were less and decreased as fertilizer rate 
increased. Greatest increases in Kentucky bluegrass basal cover 
came on loamy upland range sites (Table 5). 

Basal cover of grass-like plants (mostly sedges) increased 
more as nitrogen rate increased (Table 5). Like Kentucky 
bluegrass. grass-iihe plants were mostly cool-season and began 
;gro\\ th earlier than the warm-season perennial grass dominants 
and thus wet-c favored by nitrogen application. 
Cotnpositioti Percetitqes 

1 he major walm-season perennial grass dominants (big 
biucstcm. Indiangrass. and little bluestem) decreased in relative 
amount of the total basal cover from I97 1- I975 regardless 01‘ 
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Table 5. Changes in basal cover (%) Kentucky bluegrass and grass-like 
plants for indicated nitrogen treatments on loamy upland and breaks 
range sites (avg. of burned and unburned treatments). 1971 was pre- 
treatment level. + 10 

0 

N, lb/A 
0 40 80 -10 

Kentucky bluegrass 
loamy upland 

-20 

1971 0.16 0 3’ .__ 0.11 
1975 1.26 1.47 2.35 + 10 

Change +1.10 + I .25 +2.24 
0 

breaks 
1971 0.07 0.06 0.08 
1975 -10 

0.37 0.33 0.64 
Change +0.30 +0.27 +0.56 

0 

LSD,05=0.30* 

-10 

+Grass-like plants 8 
1971 0.22 0.18 0.22 f 
1975 0.84 1.03 

-20 
0.73 0 

5 

Change +0.62 +0.85 +0.5 I f 
8 + 10 

LSD ,05+0.20* g 0 
E 
g 0 

LSD applies only to the change in basal cover. p” 

-10 

treatment (Fig. 2). Big bluestem and Indiangrass composition % 
were reduced more on unburned pastures than on burned for +30 
pastures with 0 and 40 lb N/acre. Pastures with 80 lb N/acre had 
more reduction in big bluestem basal cover and less reduction in + 20 

Indiangrass basal cover on unburned than burned range. Over- 
all burning was detrimental to composition % of little bluestem. + 10 

Kentucky bluegrass composition % increased on unburned 
pastures as nitrogen rate increased, but did not change on burned 

0 

pastures. Loamy upland had greater increases in composition % 
+20 

of Kentucky bluegrass than did breaks range sites (Table 6). 

Plant Census Summary + 10 

Basal cover of the desirable warm-season perennial grasses 
generally increased under burning and fertilizing with 0 and 40 0 

lb N/acre more than under unburned treatments. At the 80 lb 
N-rate desirable warm-season species decreased in basal cover 

+10 

on both burned and unburned pastures, and remained relatively 
0 

constant on unburned pastures at the 0 and 40 lb N-rate. Basal 
cover of less desirable grasses and forbs increased much more at 
all nitrogen rates on unburned pastures than burned. Apparent- 

Fig. 2. Changes in composition percentages (70 oj total basal cover) of dij- 
jerent grassesjrom pretreatment levels (1971) to post-treatment levels (1975) 

ly, without fire, fertilizing at the 40 lb N-rate did not maintain a under indicated nitrogen and burning treatments (avg. oj loamy upland and 
high quality stand. Fertilizing with 80 lb N/acre did not maintain breaks range sites). 

Table 6. Changes in percent composition (% of total basal cover) of 
Kentucky bluegrass under indicated nitrogen treatments on loamy 
upland and breaks range sites (avg. of burned and unburned (treat- 
ments). 1971 was the pretreatment level. 

0 
N, lb/A 

40 80 

Kentucky bluegrass 
loamy upland 

1971 
1975 

Change 

breaks 
1971 
1975 

Change 

4.3 5.2 2.9 
15.6 16.0 25.6 

+11.3 + 10.8 +22.7 

1.7 1.3 1.8 
4.2 6.6 9.8 

+2.5 +5.3 +8.0 

LSD.O5 =2.7* 

*LSD applies only to the change in % composition 

a burned 

Lbs N/Acre 

40 SO - u”b”r”ed 

Btg Bluestem 

1 I 
LSD 05 

Llttle Bluestem 

lndtangrass 

I I 
LSD 05 

Sldeoats Grama 

Grass-like Plants 

Perennial Forbs 

r t 
LSD .05 

high quality stands whether burned or unburned. 
Composition percentages of desirable species in the stand 

decreased more on unburned pastures, particularly at the 80 lb 
N-rate, than on burned ones. On burned pastures undesirable 
species increased slightly in composition %, but on unburned 
pastures increases were large. Burning and fertilizing with 40 lb 
N/acre seemed to improve maintenance of good quality range. 
Fertilizing with 80 lb N/acre failed to maintain good quality 
range whether burned or not. 

Previous work on grazed and ungrazed areas with late spring 
burning in Flint Hills bluestem range showed similar vegetative 
responses to those reported here. Late spring burning favored 
warm-season perennial grasses and reduced cool-season grasses 
and perennial forbs compared to not burning (Anderson et al. 
1970; McMurphy and Anderson 1965; Aldous 1934). Earlier 
research on nitrogen fertilization of ungrazed Flint Hills blue- 
stem range indicated that cool-season grasses and perennial 
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forbs were favored by adding nitrogen. and warm-season peren- Since pastures receiving additional nitrogen were stocked at a 
nial grasses were reduced compared to unfertilized areas 
(Owensby et al. 1970; Mader 1956; Moser and Anderson 1964). 
Results agree with the findings in this study. 

Steer Performance 
Gtiirl per Steer 

Individual steer gain was generally greater on burned pastures 
than on unburned, probably because forage quality was higher. 
Allen et al. (1970) reported that nitrogen free extract was 
increased and cell wall constituents decreased for big and little 
bluestem on burned pastures compared with unburned ones. 
Anderson et al. ( 1970) reported higher gain per steer on late 
spring burned Flint Hills bluestem range than unburned. On 
unfertilized pastures, gain per steer was greater on burned 
pastures than on unburned 2 of the 4 years and the same the other 
2 years (Table 7). 

Table 7. Average steer gains (lb/steer) from late spring-burned 
burned bluestem pasture fertilized as indicated. 

and un- 

Pounds ofgainiateer, May Z-Oct. 3. I S-l days 

Nitrown lb/A C’- ~~~~~~ 

\r’car Treatment 0 -IO 80 

1072 Burned I8_P ’ 2 I 7” I w 
Unburned 135”“” I SF I I h” 

I072 Burned I txYv I S-l”f 1 2 ghrd 
Unburned 1 _J 7rr/<~f IX”” 101” 

I v7-1 Burned 261” 2XY I 8Sh 
Unburned I ‘)7h’ 15-l”’ IS”’ 

1075 Burned lXIVh I78”h , ~(f”‘f 
Unburned I 7Qh I~7”“’ , _J 7”h’f 

h k \IC,III\ \\ llh tllllcrt2nr sutwvrlpl\ ditter ~ignltkmtlj (1’2 OS). 

On pastures fertilized with 40 lb N/acre gain per steer was 
higher on burned pastures than unburned each year. Individual 
steer gain on the unfertilized, burned pastures was lower in 
Io‘;L. greater in 197-C. and similar in 1973 and 1075 to gains on 
pastures fertilized with 30 lb N/acre. Individual steer gain was 
greater in the unburned, unfertilized pasture than on unburned 
pastures with 40 lb N/acre in I973 and I975 and similar in I971 
and I 97 3 . 

Steers gained less on the unburned pasture with 80 lb N/acre 
than on burned ones fertilized at the same rate every year except 
1975. Three of the four years, steers gained less on burned 
pastures with 80 lb N/acre than they did on pastures with 0 and 
40 lb N/acre. In i972, individual steer gain was similar for 
burned pastures with 0 and 80 lb N/acre, and less than that on the 
burned pastures with 30 lb N/acre. During the first 1 years of the 
study. steers on the unburned pasture with 80 lb N/acre gained 
less individually than those on pastures with 0 and 10 lb N/acre. 
The last 1 years, the unburned pasture with 80 lb N/acre had 
gain per steer simiiar to that on the unburned pasture wth 10 lb 
N/acre: both were less than gain per steer on the unburned 
pasture without niu-ogen. 

Apparently, failure of steers to gain as well on pastures with 
SO lb N/acre was due partly to overstocking and reduced forage 
selectivity by steers. Table 2 shows less forage remained on 
pastures with 80 lb N/acre at the end of the growing season than 
on other pastures. 

Gtrirl per Acre 
Gain per acre on fertilized, unburned pastures was not 

significantly greater than on the unburned, unfertilized one. 

higher-rate (Table I ) to use additional forage, more gain per acre 
would be expected unless individual steer gain was greatly 
reduced. That happened on the unburned pasture with 80 lb 
N/acre. where in each of the 1 years individual animal gains 
were reduced. In Z of the 1 years , gain per steer was lower on the 
unburned pasture with 10 lb N/acre than on the unburned, 
unfertilized pasture (Fig. 3). Allen et al. ( 1976) reported big and 
little bluestem were similar in most nutritive components 
whether on an unburned pasture with 10 lb N/acre or on an 
unburned, unfertilized pasture. Possibly, changes in botanical 
composition in the fertilized, unburned pastures compared to 
changes on the unburned, unfertilized one were responsible for 
the reduced animal performance. 

100 1 93b 

86b 

Not 
burned 

Not Not 
burned burned 

4&b 8&b 
N/A NIA 

Burned Burned 

4&b 
N/A 

Burned 

8&b 
N/A 

On burned pastures, Z (Tain per acre was greater on fertilized 
than on the unfertiiized one. Pastures with 10 and 80 lb N/acre 
had similar gain per acre even though stocking rate was greater 
on the X0 lb N-rate pasture than the 40 lb N-rate one. Again, the 
rcduccd gain per head on pastures with 80 lb N/acre was 
responsible for the similarity in gain per acre between pastures 
uith 40 and X0 lb N/acre. 

Conclusions 

I. Fertilizing with 40 lb N/acre increased carrying capacity per 
pound of nitrogen applied more than did fertilizing with 80 lb 
N,acre. both compared with no fertilization. 
’ Maintenance of good quality range was favored by burning -. 
and 0 and 40 lb N/acre compared with not burning and the same 
fertilizer rates. Eighty lb N/acre produced poor quality range 
uhether burned or not. 
_;. Kentucky bluegrass and perennial forbs increased more on 
unburned pastures than on burned, with the greatest increases 
under nitrogen fenilization. 
-4. Individual steer gains were highest on burned pastures with 0 
and 40 lb N/acre compared to unburned pastures at those same 
rates or pastures with 80 lb N/acre whether burned or not. 
5. Forty lb N/acre applied to late spring-burned bluestem 
pa~turc seems to represent the best combination of the treat- 
mcnts tested. 
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0. Even though stocking rate and nitrogen fertilization rates are 
confounded, making it difficult to determine cause and effect 
relationships, the research does indicate which of the treatments 
applied gave the most favorable results. 
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Vegetation Stagnation in Three-Phase Big 
Game Exclosures 

PAUL T. TUELLER AND JERALD D. TOWER 

Abstract 

The allocation of range forage for deer and livestock is an 
important range management problem. Utilization of the three- 
phase exclosure technique for such evaluations is complicated by 
the response of plants to nonuse. Protection from browsing can 
cause “stagnation” to occur as early as the second year after the 
exclosure is established. Nonuse of bitterbush resulted in an 
average reduction in production of 70%. Temporary exclosures 
moved each year are required for accurately determining annual 
forage production. 

Resource managers lack methods that will give reliable 
estimates of site productivity and its relationship to carrying 
capacity for either livestock or big game. One procedure often 
tijllowed for partitioning forage has been the use of three-phase 
cxclosures. 

This paper reports a 6 year study to determine site pro- 
ductivity (i.e.. pounds of vegetation produced per hectare) 
through the use of three-phase exclosures and temporarily 
erected movable exclosures. Production refers to the total 
annual dry matter increment of grasses, forbs, and browse. 
El ti’cts of different species, plant density and dispersion charac- 
teristics. vegetation stagnation caused by lack of grazing, and 
site differences within three-phase exclosure all tend to con- 
t’ound range production and utilization data. Factors considered 
to intluence these results are precipitation, past utilization, 
condition and trend of the vegetation, and the period of 
pr.cHec t ion from grazing. Stugrutim can be defined as the 

‘! 30 

reduction in productivity of range plants resulting from a lack of 
Crazing. 
c Use of exclosures for rangeland evaluation has received wide 
acceptance. Daubenmire ( 1940) defined the exclosure as any 
experimental area which is protected from the activities of a 
particular class of animal by a barrier such as a fence or screen. 
They have some drawbacks, such as the barrier effect which will 
intluence wind movement, precipitation, and seed collection. 
Three-phase exclosures were used as early as 1932, to discover 
and demonstrate the food preferences of animals (Young 1955). 
Each phase should be 1 acre (.405 hectare) or larger to have the 
least effect on the probability that deer will enter and should be 
located so that all phases are located on a single vegetatively 
homogeneous and representative part of the rangeland (Young 
1958). Jones ( 1965) and McMahon ( 1966) have used the 
exclosure technique to study relative utilization, cover and 
compositional changes, and other effects. 

Methods 

Four important Nevada deer ranges and corresponding exclosure 
sites were selected for this study. Paine Springs, White Rock, Morey 
Bench. and the Fort Ruby sites were selected on the basis of vegetal 
homogeneity among exclosure phases and because they represent 
important deer winter range habitat-types. 

The Paine Springs exclosure, built in 1962, is located in the Duck 
Creek Basin, near McGill in White Pine County within an Artemisiu 
fl.illc’rlfufLIIPlrr.~}~iu tridentutu/Poa secunda plant community at 2,073- 
m elevation. The White Rock exclosure, near White Rock Peak in 
Lincoln County, is situated in an Artemisia tridentuta/Purshia tri- 
dcrlttrtcl/Pou secwndu plant community at approximately 2,190-m 
elevation and was constructed in 1965. Morey Bench is in Hot Creek 
Valley east of Tonopah in Nye County. A three-phase exclosure was 
built there in 1965 situated in an Artemisia tridentatu/Purshia 
~~l~rrltllrloscr/Pn~~~~~s urzdersorzii plant community at the base of Morey 
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Peak (2,072 m). The FOR Ruby exclosure, constructed in 1959. is 
located at 1,920 m elevation just south of the Ruby Marshes in White 
Pint County. The boundaries of the latter exclosure encompass an 
ecotone comprised of the Pinus monopl~);llaiJuniperus osteospermu(, 
Arretnisiu nova and the Artrmisia nuvuiCh~.wthunnus viscidf/orus/ 
Purslziir rridetrrrira plant communities. 

All enclosure areas consist of three phases (Fig. I), each encom- 
pa%lng ,405 hectares (I acre): one phase is fenced to exclude all 
foraging (Phase A); a second fence excludes livestock but allows deer 
toraging (Phase B); the third is unfenced and allows both livestock and 
deer foraging (Phase C). The following assumptions are made: highest 
production. a measure of site potential, is achieved in Phase A: deer 
utilization is represented by the difference in production between 
Phase A and Phase B following the foraging season: livestock 
utilization is derived from Phase B production after grazing less Phase 
C production after grazing. 

Vegetation at each site was originally described using a modifi- 
cation of the method described by Poulton and Tisdale (1961) 
including cover and density. Ten transects each of ten contiguous 
frequency quadrats were employed to determine frequency. Twenty- 
or X-inch (50.8 or 76.2 cm) square quadrats were used. During the 
summer of 19hY. cover data were obtained from individual clip plots 
of both temporary and permanent exclosures. Height in meters to the 
hiphat point and density measurements of selected shrub species were 
taken within the 20 ft by 20 ft (6. I x 6. I ml clip plots. 

Annual Forage Production 
Production data were obtained by theclip before-and-after method. 

Bitterbrush was clipped on plots 20 ft by 20 ft (6.1 x 6.1 m). 
Sagebrush and other shrub species were clipped from a 10 ft by 10 ft 
(3.05 x 3.05 mj plot, and production of grasses and forbs was 
determined byclippingaplot4 ft by 12 ft. Both latterplots were nested 
within the larger plot. Five 20 ft by 20 ft (6. I X 6. I m) clip plots were 
located at random from among the total of 100 in each phase. By 
restncring the randomlxmon. new plots were clipped each year. 

Gmues and forbs were clipped at ground level. Bitterbrush and 
serviceberry were clipped of a11 current year’s twig growth. On 
sagebrush current annual growth is difficult to determine. Therefore, 
new shoot length was estimated before being clipped. Data represent 
total annual vegetative yield and not necessarily available forage. 
However. it is felt that all material clipped in this study was available 
to the grazing animal. Clippings were oven dried at 70” for 48 hr.. 
weighed, and the weights converted to kilograms/hectare. 

Five temporary exclosures square in shape, each encompassing an 
area of 400 fi’ (37.16 m2), were located within Phase C at each 
exclosure site during the summer of 1968. Five older temporary 
exclosures of the same dimensions were erected at the Paine Springs 
and Morey Bench sites in the summer of 1966. 

The temporary exclosures were used to supply a better estimate of 
site potential than that obtained from Phase A, or the continuously 
protected area. They provide protection from grazing for one growing 
\eason only, and were moved each year. Total annual production was 
measured on the vegetation within these structures and compared to 
that taken from Phase A. By this comparison the effect of stagnation 
can be quantified. 

Employment of the temporary enclosure technique makes possible 
the nssessment of the effects of stimulation provided by grazing on 
forage production. This technique eliminates the influence due to 
‘*tagnation” and gives a better estimate of the annual potential 
production of a particular site. 

Shrub yields were corrected on the basis of volume-of-area oc- 
cupied per species in an effort to overcome the problems of vegetation 
heterogeneity among phases. Harniss and Murray (1976) have shown 
that the dry leaf weight production of sagebrush can be estimated from 
height and circumference measurements. Their literature review 
showed that shrub production can be related to crown diameter, stem 
diameter. foliage cover and basal area and known volume. Similar 
relationships held true forcertain grasses (Pastoetal. 1957; Evansand 
Jane, 1958; Frakes 195’); Repper, 1961; Payne 1974; Uresk e, a,. 
lY77). 

A multiple linear correlation analysis was used to test the relation of 
cover. height and density to yield. The relation of each sampled 
parameter to yield was determined for sagebrush and bitterbrush taken 
from each rumple plot. lfthe correlations were found to be significant, 
the standard partial regression coefficients were computed and used as 
meawres of the relative importance of each independent variable on 
yield. In this manner, a weighted index using the standard partial 
regression coefficients of each independent variable can be used to 
C~ITCC~ the yield data of each phase of the exclosure to that recorded 
from the temporaries. This constitutes a correction to a level of 
production that could be expected if stagnation had not been a factor. 

The formula derived to correct yields of the various exclosure 
phase\ to that taken from the temporaries is: 

Estimation of Deer Use 

Relative deer use among the exclosure phases was tested (a f-test for 
paired plots) by comparing counts taken from each phase of the 
exclo~ure \y\tem. Pellet groups were counted in ten 0.01.acre (0.004 
ha) plots I” each phase. These values were divided by 13, the average 
pellet groups/day/deer. in order to cowcrt the data 10 deer-days use 
per xre (Smith lYh4). Counts were not uynificantly diffcrcnt at the 
U.05 level of probability, and deer use between Phase C and Phase B 
vii\ considered equal. 

Results 

The protected areas must produce the same quantity as the 

browsed and grazed vegetation if the three-phase exclosure is to 
provide information on deer-livestock competition as computed 
from differences in utilization. Data from our four study sites 
show that the effect of vegetation stagnation precludes this 
capability. 

Production data (Table I) were too variable for any con- 

clusions concerning deer-livestock competition or for com- 
parisons of the vegetation production among exclosure phases. 
However, the erection oftemporary exclosures provided data on 
total vegetation production. Cover, height and density were 

significantly related to the corresponding yield of hitterbrush in 
Gmple and multiple linear regression analysis (Table 2). The 
standard partial regression coefficients have been weighted 



Table 1. Yields expressed in kilograms/hectare of oven-dry forage at four study sites. 

Study 
site ______ Paine Springs White Rock Morey Bench Fort Ruby 
Phase Year Artr Putr Grass Forbs Artr Putr Grass Forbs Am Pug1 Forbs Amo Putr Grass Forbs 

A 1964 101.5 54.0 74.0 75.2 2.0 3.6 
1965 112.3 37.8 91.5 239.2 69.6 48.9 3.0 57.4 23.1 67.4 3.7 7.2 
1966 46.7 1.2 140.8 Il.2 79.5 63.9 52.5 5.9 329. I 643.7 18.3 23.2 2.9 10.3 5.8 
1967 402.3 56.1 129.2 11.5 371.1 52.5 37.7 50.2 439. I 34.2 102.4 5.1 26.9 57.4 
1968 78.1 11.1 191.4 7.9 73.2 10. I 216.4 176.4 39.0 2.4 33.4 13.6 
I969 157.4 16. I 167.2 22.6 436.2 52.5 79.5 14.9 8.2 96.3 91.5 IOO.3 

B 1964 85.9 38.4 79.4 48.2 1.7 5.8 
I965 41.4 66.1 139.9 223.6 36.9 40.9 8.4 33.7 58.6 0.7 13.4 
I966 65.4 5.7 45.4 2.6 299.8 33.5 41.4 14.5 32.7 569.6 10.8 101.2 3.9 7. I 
1967 63.9 53.9 123.3 16.7 324. I 106.5 52.2 19.7 61 1.5 94.9 14.9 31.9 88.9 
I968 136.7 30.1 174.3 0.6 231.2 18.3 27.2 204.2 73.9 I.1 23.8 I .h 
1969 173.8 8.7 117.4 2.4 478.3 114.3 73.2 29.9 191.4 6.0 36.8 

C I 964 97.6 11.2 36.7 52. I 0.3 0.9 
I965 110.3 17.3 36.4 157.3 22.2 44.4 8.0 13.4 24.7 0.4 6.3 
1966 32.3 4.5 19.7 3.0 115.7 19.2 18.9 10.0 15.7 394.5 46.7 3.8 2.6 2.6 
1967 137.6 90.8 102.6 30.5 234.4 121.3 42.5 18.9 592.7 193.6 3.6 28.7 1.9 
1968 84.2 28.6 53.9 1.6 222.4 10.8 25.0 135.6 99.4 1.9 0.6 
I969 140.2 18.9 62.7 5.9 396.1 83.9 33.6 21.0 

Old I967 284. I 105.7 98.6 13.8 426.3 89.7 

temp- 1968 81.1 84.5 244.9 55.3 26.2 
oraries I969 208.6 102.9 181.7 Il.2 31.4 

New 
temp- 1969 277.8 40.8 110.7 17.9 450.9 181.4 88.1 1.0 97.4 432. I 6.9 49.2 ‘0.7 

ories 

-13.1% for cover, 26. I % for height, and 29.8% for density. 
For the I969- 1970 period, potential production of bitterbush 

in the temporary exclosures was 40.8kg/ha while yield from the 
completely protected area was only 16. I kg/ha. Hence, Phase A 
produced only 39% of its potential in 1969, and stagnation has 
accounted for a 61% reduction in production following pro- 
tection for 8 years. A correction of yield in the A phase based on 
the weighted index shows that without the effect of stagnation 
the production of bitterbrush based on cover, density, and 
average height of plants should have been 4 1.56 kg/ha. 

Cover percentages of Artemisia tridentata from the tem- 
porary exclosures and Phase A were 10.43% and 10.94%, 
respectively (Table 3). However, sagebrush in Phase A has 
produced only 59% of that recorded from the temporaries. For 
rabbitbrush (Chrysothamnus viscidiflorus), the temporaries 
produced approximately one-third of that recorded in Phase A. 
For grasses, the results were variable. The old temporaries had 
higher yields in 1968 and 1969 but not in 1967. This is explained 
in part by the effect protection from grazing has on plants pre- 
viously subjected to heavy utilization. Although basal cover 
estimates for grasses were approximately equal, yield was 
greater in plots protected for 8 years. Perhaps the stagnating 
effect expressed by shrubby species allows for a “release” of 
previously suppressed grass species so that growth and subse- 
quent yield are increased. Data from the control plots (Phase C) 
indicate that stagnation has, indeed, occurred for shrubs. Shrub 
species show a large reduction in productivity as a result of 
continued protection from grazing. Whenever the B or C phase 
outproduces the A phase, some irregularity in the technique is 
indicated. On the other hand, grasses and forbs show a definite 
increase in total forage produced due to protection from grazing, 
even though production outside is greater during a good year. 
These data suggest that the area is not presently being grazed at 
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its potential. Yield figures from two different sets of temporary 
exclosures show potential forage production from all plants to 
be greater than 448 kg/ha of oven dry forage. 

Comparisons of the data obtained from the temporary and 
existing exclosures indicate that protection from grazing has 
caused a sizable reduction in the amount of browse production. 
Both bitterbrush and sagebrush were at a static low level of 
production due to the lack of utilization. Results from the old 
temporary exclosures show that 100% simulated utilization for 
those two species over 3 years, a measure of site productivity, 
produced yields that were greater than from those plants 
receiving “normal” grazing at the Paine Springs site. This 
suggests that the “normal” grazing patterns were not sufficient 
to provide the annual grazing stimulus required to give optimum 
browse production at some judicious utilization rate. 

White Rock 
Initial results appeared favorable for the prediction of the 

relative use by wildlife and livestock for bitterbrush and 
sagebrush (Table 1). However, the effects of stagnation were 
obvious after less than 2 years. 

The standard partial regression coefficients calculated from 
the analysis of cover, height and density (Table 2) were rated 
39.94%, 19.76%, and 42.30%, respectively. Phase A could 
have produced 172.6 kg/ha of bitterbrush under similar treat- 
ment and is comparable to the site potential obtained from the 
temporaries, where 18 1.4 kg/ha of bitterbrush was recorded. 
Stagnation is thought to be responsible for the phase A pro- 
duction of only 52.5 kg/ha of bitterbrush, or 30% of its 
potential. Stagnation has accounted for a 70% reduction in 
production from site potential after 5 years of continued 
protection from the annual stimulus of grazing. 

Stagnation caused less reduction in sagebrush production. 
Cover percentages for sagebrush show that the A phase and the 
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Table 2. Simple and multiple linear correlations of vegetative parameters from bitterbrush at four study sites. 

XI 
C 
H 
D 
C 
C 
H 
C 

Variables Paine Springs White Rock Morey Bench Fort Ruby 

& x:3 Y 
.9r19b 

rz 
.8r16b 

? 
.8r78b 

rJ 
.8r41b 

? 
Yield .845 .666 .771 ,707 
Yield - .778 .605 .467 .218 - .246 ,058 .196 .038 
Yield .890b .792 - .802’ .643 ,654 ,428 - ,070 .005 

H Yield .974” .949 .816b ,666 .878b .772 .869O .755 
D Yield .93Ob .865 .878” ,771 ,963” 938 .977” .954 
D Yield .898b .806 .813b .66 I .665 :442 .206 ,042 
H D Yield .997” .994 .901” .812 .991” .983 .988” .977 

c‘ = cover: H = height: D = density: ” = significant at .()I: h = significant at 0. I; r - regre\\ion coefficient: rz = coeft‘lcient ot determination 

temporaries are almost equal. Yields from 1969 show pro- 
duction in Phase A to be slightly less (436 kg/ha) than that taken 
from the temporary exclosures (45 1 kg/ha) (Table 1). Likewise, 
differences between the temporaries and B and C phases of the 
exclosure show no statistical significance. 

Grass in the A Phase had a greater cover percentage but a 
lower density than that recorded from the temporary exclosures. 
Yields for the 1969 season showed production to be approxi- 
mately equal and only slightly higher in the temporary ex- 
closures when compared to the A and B phases. Yield was much 
lower for the C phase, indicating that production was greater in 
the temporaries possibly due to vigor brought about by the first 
years of protection from grazing. Protection from grazing for 
one growth season and favorable growing condition appear to be 
responsible for the increase in production of the grasses pre- 
viously subjected to heavy annual utilization by cattle at this 
site. Our test was not sensitive enough to predict the effect, if 
any, stagnation may have had on the grass inside the completely 
protected area. 

The differences in forb yields appear to be simply a function 
of frequency of occurrence and cover precentages in each phase. 
Forb cover in the temporaries is barely more than a trace and 

frequency of occurrence is less than half that in the A phase 
(Table 3). 

Protecting the vegetation for only one growing season ac- 
companied by favorable precipitation showed that potential 
forage production at the White Rock exclosure can be much 
greater than the level of the production represented by the 
control area. The temporary exclosures produced approxi- 
mately 721 kg/ha of oven-dry vegetation during an average 
precipitation year ( 1969) and thus probably is a good repre- 
sentation of site potential. 

Morey Bench 

The Morey Bench exclosure was constructed in January of 
1 W5 and the first year’s production and utilization data yielded 
a computed 77% utilization of desert bitterbrush (Table 1). 
However, by 1967 stagnation was noticeable. Cover and height 
alone may not adequately weight the index for correcting the 
production yields (Table 3) at this site. The added influence of 
density in the computation of the correlation coefficients 
showed a higher level of significance than that recorded for 
cover times height on yield. Therefore, density measurements 
from within the A phase the the temporary exclosures were used 

Table 3. Vegetation parameters for sagebrush and bitterbrush on four Nevada deer range in 1969. 
Study Site Paine Springs White Rock Morey Bench Fort Ruby 
Parameter Phase Artr Putr Artr Putr Artr Pug1 Amo Putr 

Cover 
(percent) 

A 
B 
C 

Tempo- 
raries 

10.94 10.87 15.45 10.31 6.57 16.20 II.04 
12.09 5.14 21.11 9.40 3.98 17.95 17.61 0.91 
10.46 10.24 14.19 9.49 4.51 14.01 16.02 0.29 
10.43 9.94 15.30 7.88 5.37 25.34 16.62 0.62 

Frequency 
(percent) 

Height 
(meters) 

A 
B 
C 

A 
B 
C 

Tempo- 
raries 

75 20 86 36 27 35 71 3 
61 18 76 29 23 34 74 14 
73 15 69 50 6 37 73 4 

0.75 0.54 1.15 0.X 
0.72 0.56 1.13 
0.67 0.32 I .07 
0.64 0.43 1.19 0.39 

A 
B 
C 

Tempo- 
raries 

Artr Atwtttt\rtr Itxlottctltr 
I’utu - t’lrtdltlt r,_illlvttlrttr 

Arno - Artrttrt \/(I ttcntt 
l’ll~l - t’lttdlt~i glrttlcllllo.\tr 
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in the computation of the index (Table 3). The standard partial 
regression coefficients have been weighted 48.59% for cover, 
17.9% for height, and 34.22% for density. 

Production in Phase A for 1969 showed bitterbrush had 
produced only 22% of that recorded from the temporary 
exclosures (8 .2 kg/ha). The site could have potentially pro- 
duced 37.8 kg/ha. Stagnation apparently accounted for a 78% 
reduction in production of the site potential in bitterbrush due to 
5 years of protection from grazing. The sparse distribution of 
herbaceous species and the high variability of occurrence of the 
other shrub species among exclosure phases made analysis 
difficult. 

An increase in precipitation during 1966 above that received 
in 1965 (a low precipitation year) brought a corresponding 
increase in yields. An even greater increase in precipitation 
during 1967 showed a proportionate increase in bitterbrush 
yields from the B and C phases. In contrast, Phase A not only 
produced less bitterbrush in 1967 than in the drier year of 1966, 
but was also outproduced by both the B and C phases during 
1967. suggesting that stagnation had occurred after 2 years of 
protection. The potential of this site is greater than any other site 
studied (Table I ). The site may produce as much as 426.3 kg of 
bitterbrush per hectare in a good year. Forage plants protected 
for annual utilization by wildlife and livestock exhibited stag- 
nation. accounting for a sizable reduction in yield. Plants hand 
clipped 3 successive years to simulate 100% utilization of the 
annual growth produced over four times as much plant material 
as the plants protected from grazing for 5 years and then clipped 
to simulate the same 100% utilization. 

Results suggest (Table I) that present utilization of the area 
by livestock and deer is reducing bitterbrush production. Past 
and present use has reduced both the average height and number 
of individuals per hectare in the control area (Table 3). 

Fort Ruby 
Bitterbrush plants were few in numbers at this location (Table 

3). Black sagebrush was the dominant shrub. Forage potential 
for grass species was generally low due to the high proportion of 
low volume producers such as Pea sandbergii. 

The standard partial regression coefficients have been 
weighted 55.88% for the cover, 9.96% for the height, and 
34. 16% for the density of Artenzisic~ nova based on the re- 
(Tression results (Table 2). Ten years of protection from the 2 
stimulus of grazing has accounted for a 65% reduction in site 
productivity in terms of black sagebrush production (Table I). 
Results from the previous sites show that stagnation may have 
occurred within 2 to 3 years after protection. 

Phase A produced 96.3 kg/ha of black sagebrush during the 
I969 growing season but could have produced 270 kg/ha of 
black sagebrush under similar treatment. Black sagebrush 
produced only 35% of its potential. 

For rabbitbrush (Chrysothamnus viscidijlorus) the relative 
cover percentages of Phase A and the temporaries were 2.66% 
and 3.3_3%, respectively. A comparison of yields shows 92 
kg/ha of rabbitbrush from the temporaries and 30. I kg/ha from 
Phase A. It is doubtful that a 1% greater canopy cover of 
rabbitbrush can account for almost a three-fold increase in yield. 
It appears that stagnation has occurred in this species, also. 
Observations during the collection of spring clippings con- 
firmed deer utilization of rabbitbrush. 

The response of grasses and forbs to continued protection 
from grazing was similar to that observed on other sites. Grass 
and forb cover in Phase A was only slightly higher than in the 
temporaries. Yet grass production in the completely protected 

area was approximately twice that recorded from the temporary 
exclosures in 1969. Forb yield is almost 100.9 kg/ha in phase A 
as compared to 20.2 kg/ha recorded from the temporaries. 

The effect of continued heavy utilization on grass and forbs 
becomes apparent when yields from the temporary exclosures 
are compared to past yields recorded from the B and C phases 
subject to utilization by wildlife and livestock (Table 1). 
Protection for 1 growth season allowed a marked increase in 
vegetation production. The higher production of grasses and 
forbs in Phase A for 1969 is not explained by the data but may be 
due to the higher cover of forbs and slightly higher cover of 
grass (Table 3). Precipitation recorded at the exclosure site since 
1965 shows that favorable growing conditions prevailed during 
the 1969 growing season. Results from the erection of tem- 
porary exclosures at this site provide evidence that continued 
protection from the stimulus of grazing has a strong influence on 
the shrubs. The data are not clear cut for the grass and forbs 
components and may be partially masked by the favorable 
growing conditions in 1969. Additional years would be required 
to determine whether stagnation occurs in grass and forb 
species. 

Discussion 

Utilization of the three-phase exclosure technique for range- 
land evaluation is complicated by the responses of plants to 
nonuse. Garrison (1953) found shrubs unclipped and/or lightly 
clipped generally produced the least forage. Bitterbrush plants 
protected for 9 years produced 71% less than those that were 
browsed annually (Martinson 1960). Browsing tends to remove 
the apical bud resulting in an increase in twig numbers due to 
lateral branching. The initial imbalance in the shoot-root ratio 
due to severe removal of top growth creates an abundance of soil 
moisture and nutrients which favour new shoot growth (Fer- 
guson and Basile 1966). Twig growth on spring-pruned moun- 
tain mahogany increased from less than ‘/z inch annual growth 
before pruning to an average of 2.8 inches annual growth after 
pruning (Thompson 1970). Others have shown similar relation- 
ships with shrubs (Lyon 1966; Gibbens and Schultz 1962; 
Ferguson 1968). The utilization of course must be judicious. 
For example, removal of greater than 50% of the desert shrubs 
in late spring and summer for 3 years reduced yields, while 90% 
removal of current growth killed many of them (Cook 197 1). 
However, browse production increased in many species in- 
cluding bitterbush, when 25 or 50% of the current year’s growth 
was removed in fall or winter (Lay 1965). 

This study has shown that nonuse in the fully protected area 
(Phase A) of an exclosure system causes vegetation stagnation 
of shrubs to occur as early as the second year after the exclosure 
is established. This condition was maintained for at least 8 years 
and, presumably, lasts indefinitely. Potential browse pro- 
duction in the A phase was reduced, depending on the site, from 
3 to 78% of the average annual productivity of shrubs receiving 
the annual stimulus of browsing. Nonuse of bitterbrush resulted 
in an average reduction in productivity of 70%. For big 
sagebrush the figure was 36%. 

Exclosure sites previously subjected to heavy utilization of 
grasses and forbs by livestock show that continued protection 
favors good growth and high yields of these species. Grass 
plants protected from grazing for several years produced up to 
100% more vegetation than plants protected for only one 
growing season. The proper season and degree of use may be 
beneficial to be grazed grasses by increasing tillering, number 
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of leaves and percent ground cover (Jameson 1963; Laude et al. 
1968; Heady 1975, p. 19). In this study forb production was 
20% higher in the fully protected areas than in the temporary 
exclosures. Stagnation exhibited by the shrub species probably 
contributed to the increased grass and forb yields by providing a 
release of moisture and nutrients to the forbs and grass. This is 
substantiated by the fact that basal area of grasses and forbs was 
the same in fully protected and the temporary exclosures. It 
must also be considered that grasses and forbs within the 
exclosures may be competing with the shrubs, thus contributing 
to the stagnation. 

However, on some sites there is evidence to suggest that grass 
production, while higher in those areas protected for several 
years, is still lower than it might be with the annual stimulus of 
grazing. There is limited evidence that saliva from grazing 
animals adds thiamine to grasses and stimulates these plants to 
greater growth (Reardon et al. 1972). Grass plants inside phase 
A were usually large with numerous culms, many of which were 
dead, giving them a much different appearance than the grazed 
plants. It appears that the plants were unthrifty due to the many 
dead culms. 

The effect of stagnation in exclosures can be quite vivid. This 
is a noteworthy value of constructing such exclosures. Much 
useful information can be derived from exclosures by the 
agencies involved with range management if they are inter- 
preted correctly. The stagnation effects on vegetation caused by 
lack of grazing are often not considered when exclosures are 
used for demonstration. 

Some level of stagnation probably exists on any site that is not 
receiving at least a moderate degree of annual grazing or 
browsing. Data from this study indicate that stagnation is also 
evident in the portion of the exclosure systems utilized by deer 
only. Yield recorded under this condition would account for the 
fact that the control, or C phase of the exclosure site, produces 
more than the B phases. This masking effect on yield serves as a 
great source of error in computing the relative utilization of 
forage by wildlife and livestock. 

The three-phase exclosure technique can only be sensitive 
and supply reliable data in areas receiving moderate to heavy 
utilization (35-65%) and only when used in conjunction with 
temporary movable exclosures so that reliable information on 
annual forage production can be obtained. 

Large, profound year-to-year differences in production can 
be attributed to weather variation. Differences in forage pro- 
ductivity of up to 12 times from one year to the next have been 
measured (Tueller and Monroe 1975). These variations may 
supercede or mask the effects of stagnation, or at least make it 
extremely difficult to measure. 

The corrections used in this study to adjust yield data from 
clipped plots have application in providing a more accurate 
method of measuring the degree of relative forge utilization 
from within the B and C phases of the three-phase exclosure 
system. Smith and Urness ( 1962) have pointed out that relative 
utilization figures alone, without some index of production, 
cannot indicate the pounds of forage utilized by either game or 
livestock. However, they do reflect the pressure exerted on the 
range. Production data obtained in this study in conjunction 
with information on food preferences provided by the exclosure 
system justify the use of such tools in rangeland evaluation. 

Such exclosures 
students. 

may also serve as excellent training grounds for 
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Grazing and Overstory Effects on Rotationally 
Burned Slash Pine Plantation Ranges 

WARREN P. CLARY 

Abstract 

Light, moderate, or heavy grazing did not affect total herbage 
production in rotationally burned slash pine plantations ap- 
proaching the first pulpwood thinning. However, carpetgrass 
tended to replace pinehill bluestem in the composition in propor- 
tion to grazing intensity. Grazing since tree regeneration has not 
affected tree crown cover, but heavy grazing reduced tree basal 
area. Increased tree dominance decreased herbage production, as 
predicted by earlier studies. 

Much southern forest range is subjected to concentrated use. 
The same tract of land is often intensively managed for timber, 
grazed yearlong, and hunted heavily, year after year. Such 
management practices as livestock grazing, timber establish- 
ment and growth, and prescribed burning often cause major 
changes in the plant community. Knowing what plant changes 
to expect will aid planning for effective resource use. 

Seasonal grazing effects on southern bluestem (Andropogon 
“pp.) ranges have been reported (Duvall 1962; Duvall and 
Linnartz 19h7), as have yearlong grazing effects on slash pine 
(Pinus elliothi) plantations S-10 years old (Pearson and Whi- 
taker 1974b). Several aspects of herbaceous understory-tree 
overstory relationships have also been studied, including 
herbage quality (Wolters 1973), prescribed burning (Grelen 
I97h), and plantation age (Pearson and Whitaker 1974a). 

This paper reports some effects of grazing and tree overstory 
development in 13- to 16-year old rotationally burned slash pine 
plantations before their first pulpwood thinning. 

Study Methods 

The study was conducted on three range units of the Longleaf Tract, 
Palustris Experimental Forest, in central Louisiana. These range units 
had originally supported longleaf pine (Pinus palustris), but during 
early logging days they had been clearcut and converted to an open 
grassland. After more than 30 years in a grassland condition, the range 
units were regenerated to slash pine at the rate of 25% of each unit per 
year ( 1% I - 1964). Approximately 2,000 trees per hectare were inti- 
ally established (Pearson et al. 1971). 

Understory vegetation on the study area was typical for longleaf- 
slash pine-bluestem ranges (Grelen 1978), Andropogon being the 
most prominent genus. Rainfall averages 147 cm annually. Soils vary 
from poorly drained silt loams on level topography to well-drained 
sandy loams with slopes up to 10%. 

Cattle grazed each of the three range units yearlong at a moderate 
intensity until 1960. Thereafter the individual units were grazed at 
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different intensities designated as light (approximately 30% of the 
herbage removed), moderate (approximately 45%), and heavy 
(approximately 60%). The breeding herds were supplemented an- 
nually from 1960 through 1972 with about 180 kg/head of cotton- 
seed cake (41% protein) fed from November through May; 120 
kg/head of grass hay fed during late winter or on cold, icy days; and 
free choice minerals (Pearson and Whitaker 1972). In 1973 self-fed 
liquid supplements available yearlong replaced the cottonseed cake as 
a protein source (Grelen and Pearson 1977). Rotational grazing was 
encouraged by prescribe burning a different portion of each unit each 
winter. Successive quarters of each unit were burned during the 4 years 
of pine regeneration. After the fifth year successive thirds were 
burned. 

Annually from 196 l-1964 five pairs of 0.04-hectare plots were 
randomly located within the most recently regenerated portion of each 
range unit. Each pair consisted of one plot left open to grazing and one 
which was fenced. A distance of one chain separated grazed plots 
from fenced plots to avoid the effects of concentrating cattle along the 
fence. No cattle grazed the fenced plots for the 13 to 16 growing 
seasons since the plots were established, thus ungrazed control plots 
were present within each range unit for a reference as to grazing and 
site effects. 

This study included the oldest (196 1) and the youngest (1964) 
regeneration areas and totaled 10 plot-pairs in each of three range 
units. 

Twelve temporary subplots (0.22 m2) were systematically located 
within each fenced plot and its paired open plot during the autumn of 
1976. Each subplot was measured for tree canopy cover (Pearson and 
Jameson 1967) and for basal area (Grosenbaugh 1952). The frequency 
and percent crown cover for vines, shrubs, and hardwoods up to I .5 m 
high were recorded. Herbaceous species frequency and botanical 
composition by weight were estimated visually. Total herbage pro- 
duction was determined by clipping, ovendrying, and weighing, and 
was corrected for utilization by ocular estimate (Pechanec and 
Pickford 1937). 

Paired t-test and regression procedures were used in the statistical 
analyses. 

Results and Discussion 

Grazing Effects 
No grazing intensity tested significantly affected total 

herbage production as compared to the ungrazed control plots. 
However, grazing did affect the botanical composition (Table 
1). The percent composition of pinehill bluestem (the most 
important cattle forage species in the area) was reduced by all 
grazing intensities. Conversely, carpetgrass (Axo~2opus a@~&) 
greatly increased as grazing intensity increased. Carpetgrass 
was nearly absent under light or no grazing but increased to over 
50% of the composition under heavy grazing. Composites 
declined under heavy grazing which differs from the results in 
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Table 1. Herbage and tree characteristics under different grazing intensities. 

Measurement and taxa 

Grazing intensity 

Light Moderate Heavy 

Grazed Ungrazed Grazed Ungrazed Grazed Ungrazed 

Total herbage production (kg/ha) 

Composition (% by weight) 

Grasses 
Pinehill bluestem (Andropogon scoparius 

var. divergens) 
Other bluestem (Andropogon spp.) 
Panicums (Panicurn spp.) 
Paspalums (Paspalum spp.) 
Carpetgrass (Axonopus ajfinis) 
Other grass 
Total grasses 
Grasslike plants 
Forbs 
Legumes 
Composites 
Other forbs 
Total forbs 

Tree crown cover (%) 

Tree basal area (m’/ha) 

666 814 540 557 336 325 

‘37 53 ‘8 23 21 

24 
6 
., -t 

21 18 9 II 
5 16 IO 10 

13 
I I 
3 .: 

‘15 
9 

68 
12 

0 
9 

89 
7 

‘5 I 
9 

84 
18 
85 
13 

17 
63 

6 

IO 
58 

8 

3 
6 IO 38 ‘5 26 

3 4 6 
31 9 34 

85 87 90 

18 
1 

20 
85 

13 IO 

81 81 

‘6 28 34 37 31 35 

’ Slgnitlcantly dlft’erent from ung’azed conditions at 0.05 heI 
’ Ias than 0.5% 

Although the herbaceous plants appeared to react in a 
consistent manner to grazing intensity, the effect of soils on 
shrub and vine cover may have to some extent outweighed the 
effect of grazing. Shrubs and vines appeared to be more 
abundant on the poorly drained, heavier-textured soils (Fig. 1). 
Distribution of soils and soil drainage conditions are the 
apparent reasons for the significantly greater abundance of 
shrubs and vines in the moderately grazed range unit. This 
greater abundance makes statistical detection of grazing impacts 
more likely. The results therefore should not be interpreted to 
mean that moderate grazing is necessarily more influential on 
shrubs and vines than other grazing intensities. 

Overstory Effects 
Herbage production has continued to be related to character- 

istics of the tree stand as these slash pine stands have grown. The 
relationship between herbage production and tree canopy cover, 
Y= 25 82 -35.70X (where Y= herbage dry weight in kg/ha and 
X=(,C tree canopy cover), was very similar to the relationship 

younger plantations (Pearson and Whitaker 1974b). The in- 
crease in carpetgrass may account for part of the decrease of 
composites. 

Heavy grazing has previously been shown to reduce survival 
of young pines. In these stands of 13- to 16-year-old trees, 
grazing did not affect tree canopy cover. But heavily grazed 
plots did have significantly less tree basal area than adjacent 
ungrazed plots (Table 1 ), probably because of the reduction in 
tree numbers during the first year after planting (Pearson et al., 
1971). 

The effects of grazing intensity on shrub and vine crown 
cover could not be determined precisely because the prescribed 
burning schedule has maintained shrub and vine crown cover at 
such a low level (Table 2). Only on the moderately grazed range 
unit (whose ungrazed plots supported the most crown cover of 
the three range units) was the shrub and vine crown cover 
significantly reduced. The species principally affected was 
blackberry (Rubus spp.). 

Table 2. Shrub and vine crown cover (%) under different grazing intensities. 

Taxa 

Grazing Intensity 
Light Moderate Heavy 

Grazed Ungrazed Grazed Ungrazed Grazed Ungrazed 

Waxmyrtle (Myrica cervera) 
American beautyberry (Caflicarpa americana) 
Sumac (Rhus spp.) 
Blackberry (Rubusspp.) 
Huckleberry (Vaccinium arboreum) 
Greenbrier (Smilcu-spp.) 
Carolina jessamine (Gelsemium sempervirens) 
Alabama supplejack (Berchemia scandens) 
Oaks (Quercus spp.) 
Other shrubs 
Other vines 

.Ol 

.04 

.07 

.36 

.I5 

.oo 

.oo 

.oo 

.67 
73 .__ 

.oo 

.38 

.Ol 
13 . _ 

.81 

.33 

.oo 

.oo 

.oo 
19 

:08 
.03 

3.56 
.35 
.Ol 

I.18 
.I3 
.04 

I.32 
.I3 
73 .__ 

.04 

.oo 

6.38 I .22 I.11 
.oo .oo .oo 
.59 .oo .oo 

4.08 .I0 7.48 
.I4 .Ol .oo 
.08 .oo .Ol 
.71 .oo .oo 
.03 .oo .oo 
.I2 .50 I8 
I .9x .08 :02 
.oo .oo .35 

I .47 1.94 ‘5.89 14.1 I 1.91 4.15 

’ Sl;nllrc,rntl~ dlttercnt rlt 0 05 level from ungrazed conditwn\ 
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dcxribed when trees were younger and smaller (Pearson and 

Whitaker lY74b). The decreases from I.099 kg/ha in 1971 to 
540 kg/ha in 1076 demonstrates the decline in average herbage 
production as tree canopy cover increases. Basal area of the 
trees in these 13. to I&year-old stands can also be used to 

predict herbage production, although the correlation coefficient 
is lower than when canopy cover is the predictor (~ .lS for basal 
area and -.X I for canopy cover). The relationship is Y= 1.539% 
l-l.YhX (where X=trec basal area in m’iha). The differences in 
herba:e production among range units arc primarily related to 
vxiatmn in pine overstory canopy cover and basal area (Table 

I). 
Botanical composition also changed as tree basal area and 

canopy cover increased. On both grazed and ungrazed plots, 

torbb replaced grasses to a statistically significant degree 
bctueen 1971 and 1976 Among grasses, pinehill bluestem and 
panicurns (Prrnirwn spp.) decreased most, while among forbs, 
composites increased most, except under heavy gazing. 

Shrub and vine crown cover declined by nearly one-half from 
lY7l to lY7h (Pearson and Whitaker 1974b). This decline was 

lihcly caused by a reduction in shrub and vine vigor as the 
overstory pine canopy closed. 

Conclusions 

Grazing and tree canopy closure have predominant and 

predictable effects on rotationally burned herbaceous under- 
story in the longleaf-slash pine-bluestem ecosystem. Removal 
of up to 60% of herbage by cattle does not cause measurable 
changes in total herbage production; however. increasing 
intensities shifts the plant composition from a predominance of 
bluestems toward a predominance of carpetgrass. Closure of the 
pine canopy results in an approximately linear decrease of 

herbage production. and an increase in proportion of forbs in the 
composition. While grazing and tree canopy closure appear to 
reduce shrub and vine cover. soils appear to also be very 
important in influencin_g the cover of these plants. Light to 

moderate sraring had no measurable effect on the qenerated 
pine stand. 

The forage supply on southern pine lixrst ranse is thus 
greatly intluenced by development of the tree stand. Available 
forage i\ normally reduced to les than one-half that of an open 
~rasland within IO years after slash pine is established (Pearson 
and Whitaker 1974a. Grelen 1976). Conversely. forage pro- 
duction can be expected to increase rapidly if the trees are 
thinned or completely harvested. Therefore. forage supplies 
often change substantially within a period of several years. In 
order to provide rcasonnble stability of livestock forage 
wpplies. a variety of tree stand ages should be present within the 
boundaries ofeach livestock operation so that young tree stands 

with hisher herbage yields will always be available. This 
requires a cooperative effort on long range planning for co- 
ordination of both grazing and forestry needs. 



Prescribed Burning: Vegetative Change, 
Forage Production, Cost, and Returns on Six 
Demonstration Burns in Utah. 

MICHAEL H. RALPHS AND FRANK E. BUSBY 

Abstract 

Six demonstration burns were conducted between 1974 and 
1976 as part of the Utah Rangeland Development Program. Big 
sagebrush (Artemisiu tridentutu), the target species, was essentially 
eliminated on the areas that were burned. Five of the six burns 
were seeded, with predominately crested wheatgrass (Agropyron 
desertorum). Despite the severe drought only one seeding was 
considered a failure. Forage production increased several-fold 
above preburn production and is expected to continue to increase 
as the grass stands mature. An economic analysis of the 1974 burn 
showed an internal rate of return of 17%. Great risks were 
associated with the use of fire. Extensive precautions were taken to 
minimize hazards but variable weather conditions in late summer 
greatly increased the chance of the fire escaping. Prescribed 
burning is inexpensive and effective in controlling big sagebrush 
when adequate safety precautions are taken. 

1973) if proper safety precautions are taken and environmental 
conditions are planned for. 

Multiple use benefits have been enhanced by fire (Wright 
1971). Forage production has increased following burning in 
sagebrush (Nielsen and Hinkley 1975; Uresk et al. 1976) and 
juniper (McCulloch 1969). Increased vigor of fire resistant 
grasses has been observed following burning (Daubenmire 
1968). In some situations, water yields have been increased by 
the removal of sagebrush and juniper (Burkhardt and Tisdale 
1969: Warskow 1977). With few exceptions, upland wildlife 
have an affinity for subclimax plant associations which fire is 
important in maintaining (Miller 1963). 

Big sagebrush (Artemisia tridentutu) and juniper (Juniperous 
osteosperma, and J. monosperma) have been the object of many 
shrub control efforts in the Western United States. These 
species were present in the climax condition, but overgrazing 
reduced many desirable species and fire suppression prevented 
the natural check of sagebrush and juniper (Wright 1977). 
Sagebrush increased to where it totally dominated much of its 
original range (Blaisdell 1953; Cottam 1947; Tueller 1973), and 
juniper increased in density and encroached upon sagebrush- 
bunchgrass communities (Blackburn and Tueller 1970; Plum- 
mer 1958; West et al. 1975). Grazing management alone will 
not check invasion of juniper nor appreciably improve deterio- 
rated sagebrush and juniper communities (Blackburn and 
Tueller 1970; Burkhardt and Tisdale 1969). 

Ri\ks ‘11-e incurred when using fire as a vegetation manipula- 
tion tool. Fire can readily escape and consume valuable forage, 
destroy fences and facilities, and leave the land owner liable for 
damages. (Pechanec et al. 1954). Accelerated erosion by both 
wind ant water can occur until vegetative cover is reestablished 
(Pechanec et al. 1954; Wri ,rt et al. 1976). If undesirable 
sprouting shrubs and annual grasses are abundant in the vegeta- 
tive community, burning may enhance the competitive ad- 
vantage of these unwanted species and further degrade the site 
(Pickford 1932). 

The key to effective burning is to select the climatic and 
environmental conditions in which fire will damage the target 
species without causing undue harm to the desirable species. 
Several articles have reviewed the effects of fire and burning 
conditions on a variety of the more important vegetative species 
(Blaisdell 1953; Britton and Ralphs 1978; Conrad and Poulton 
1966; Wright 197 i , 1972, 1977). 

The cost of traditional control methods of both sagebrush and 
juniper have increased tremendously. The effectiveness of 
cabling and chaining juniper have been questioned due to high 
cost and rapid reinvasion of young juniper trees (Aro 197 1). 
Mechanical control of sagebrush is very expensive and is 
limited to level and relatively rock free sites. Pressure from 
environmental groups has limited the use of chemical control by 
the federal land management agencies. Fire is a natural part of 
the ecosystem and is very effective in controlling sagebrush and 
juniper. It is also relatively inexpensive (Nielsen and Hinkley 
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A series of demonstration burns was conducted throughout 
Utah in 1971 and i 976 in conjunction with the Demonstration 
Ranch Project and the Utah Rangeland Develop ‘::nt Program. 
One objective of this program was to involve federal and state 
land management agencies in a coordinated planning effort and 
follow through with cooperative implementation of range 
improvements on private . state. and public lands. The Utah 
Division of Forestry and Fire Control, Bureau of Land Manage- 
mcnt (BLM). Forest Service, Soil Conservation Service (SCS). 
A~riculturai Stabilization and Conservation Service (ASCS). 
Soil Conservation Districts, Utah Division of Wildlife Re- 
SOUIIXS. and Utah State University Extension Service were 
involved in various aspects of planning. implementation. and 
tallow-up management of the prescribed burns. 

Park \‘alley 

Description 

Park Valley Hereford Corporation, located north of Park Valley in 
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the northwest corner of Utah, was selected as the first Demonstration 
Ranch. The improvements were conducted on a broad, gently sloping 
alluvial flat at the base of the Raft River Mountains. The area had a 
long history of heavy grazing and was in poor condition. The range site 
was a semidesert shallow hardpan (40%) semidesert stony loam (60%) 
complex. Soils were a greyish-brown clay loam with a large percent- 
age of fractured rock of granitic origin throughout the horizons. A 
hardpan existed about 30.5 cm (12 inches) in depth on the semidesert 
shallow hardpan site. Black sagebrush (Artemisia arbuscula) domin- 
ated this site with small amounts of bluebunch wheatgrass (Agropyron 
spicutum) and sandberg bluegrass (Pea secundu). Soil on the stony 
loam site was moderately deep (25~-hl cm), and big sagebrush 
dominated with very little understory vegetation. Precipitation aver- 
aged 305 mm ( I 2 inches) with 60% falling in the winter months. 
Elevation of the site was 1,646 m (5,400 feet). Toward the base of the 
mountain, juniper dominated the site but decreased as it spread into the 
sagebrush community on the alluvial flat. 

A lightning-caused fire burned 73 ha (I 80 acres) of sagebrush and 
juniper in the west pasture in 197 I. Crested wheatgrass was drilled 
into the ashes and a good stand was established. These results 
demonstrated the site potential and were instrumental in gaining 
agency and rancher approval to burn other suitable areas. 

The first prescribed bum was conducted in September of 1974 
within the west pasture. Three hundred and sixty-five hectares (880 
acres) were actually burned and drilled to crested wheatgrass at the rate 
of2.72 kg (6 lb) per acre. The second burn was conducted in August of 
I976 within the middle pasture. Five hundred and sixteen hectares 
( I.275 acres) were burned and drilled to crested wheatgrass (Agropy- 
rotz tleserrorum), alfalfa (Medicago sutivu), and yellow sweet clover 
(Melilotus o$fichdis) at a rate of 2.72, 1.12, 1.12 kg per hectare 
(0, I, I lb/acre), respectively. Four 30.5-m permanent line transects 
were installed in key areas on the semidesert stony loam site in each 
pasture prior to treatment to measure the percentage change in 
vegetative cover. Two 30.5-m permanent line transects were installed 
on the wildfire seeding to determine vegetative cover and measure the 
improvement that resulted from 2 years rest from grazing. Annual 
forage production was determined by the SCS ocular estimate in the 
west pasture prior to the burn in 1974 and by clipping a series of 
2.93-m” (9.6 ft”) plots in subsequent years (1975-1977). Clippings 
were taken on the middle pasture in I975 and 1976 prior to burning and 
in 1977, the first year after treatment. 

The fire did not bum thick, mature stands of juniper. Sufficient 
understory vegetation to carry the fire was not present and the winds 
were light and would not sustain a crown fire. To finish treating the 
area, 356 ha (800 acres) ofjuniper were double chained in the winter of 
I97h. Crested wheatgrass, alfalfa, and yellow sweet clover were 
aerially broadcast on the site between chainings. 

Scipio 
Scipio West Bench Grazing Association is located on a gently 

sloping alluvial tlat at the base of the Canyon Mountains about 6.1 km 
(-I miles) west of Scipio in central Utah. The range site was an upland 
stony loam in poor condition with a uniform stand of dense big 
sagebrush and very little understory vegetation. The elevation ranged 
between I ,890-2,073 m (6,2000-6,800 feet). Precipitation aver- 
aged -I IO cm (Ih inches) with 20-15% falling during the growing 
4eason. The soils were deep and well drained. The surface layers were 
dark grayish-brown loam between 15-X cm (6- 10 inches) thick 
I\ irll a high percent of cobbles. The surface soils were moderately 
te\ltIrcd with cobbfy and coarse fragments increasing with depth. 

; III> a~rea was split into four 321-ha (800 acre) pastures, and a 
i-1 , permanent line transect was installed in a key area within each 

pasture to determine percent change in vegetative cover. Three 
pastures were burned in July and August of 1976. Cool, humid 
\ceLith<r terminated burning before ail pastures were treated. The 
remaining pasture was do1 le-chained with a modified Ely chain. The 
treated areas were aerially seeded to crested wheatgrass, intermediate 
bheatgrass (Agropyrorl intermedium), and yellow sweet clover and 
then covered with a chain. 
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Diamond Mountain 
Diamond Mountain is located 40 km (25 miles) northeast of Vernal, 

Utah. Two neighboring ranchers conducted small prescribed burns in 
August 1976. The range site was mountain loam in fair condition with 
a dense stand of big sagebrush and a fair understory of perennial 
grasses and forbs. Elevation was about 2,500 m (8,200 feet) and 
precipitation averaged 5 I .O cm (20 inches) with about 60% falling 
during the growing season. Soils are deep and well drained. The 
surface layers were a dark brown loam with clay loam subsurface 
layers. 

To determine percent change in vegetative cover, a 30.5-m perma- 
nent line transect was installed in Walker pasture and two IOO-toe- 
pace transects were taken before and after the Calder bum. Forage 
production prior to, and I year following both burns was determined 
by clipping a series of 2.93 m2 plots within each pasture. The Calder 
burn was drilled to crested wheatgrass, Russian wildrye (Elymus 
junc.eus), alfalfa, and yellow sweet clover. The Walker burn was not 
seeded. 

Altamont 
The Myrin burn was conducted on a sandy river bottom 1 I km (7 

miles) southwest of Altamont in the Unita Basin in August of 1976. 
The big sagebrush was 1 .2-Z. I m (4-7 feet) tall with no understory 
vegetation. Burning conditions were marginal and ‘A of the area was 
left unburned. The unburned area was plowed with a rototiller and the 
entire area was drilled to crested wheatgrass, Russian wildrye, alfalfa, 
and yellow sweet clover at 4.48, 1.2, 1.2, 1.2 km per hectare, 
respectively. No pre- or post-treatment measurements were taken on 
this project. 

Burning Prescriptions 
The planned burnmg prescriptions for all six bums were similar: 

temperatures greater than41.67”C (75”F), relative humidity 15--20%, 
and winds steady at 8 - 16 km per hour (5 - IO mph). These conditions 
were necessary to get a large broadcast burn on the extensive acreages 
involved. Other prescribed burn preparations were outlined and 
t’ollowed (Ralphs et al. 1975). 

Treatment costs were obtained from the ranchers, and the average 
cost of prescribed burning and associated improvements was deter- 
mined. An economic analysis of the 1974 Park Valley west pasture 
project was conducted to determine the profitability of burning and 
seeding. An AUM was assumed equal to 1000 lb of forage and valued 
at $5. Proper use was 65%, and the lifetime of the seeding was 
assumed to be 20 years. 

Results 

Park Valley 
Sagebrush was essentially eliminated on the areas within the 

fire guards that actually burned. Due to the release of native 
irrasses and seeded species, grass and legume cover increased an 
zverage of 350% (Table 1). On a similar site in southern Idaho 
which had a good stand of understory grasses and forbs prior to 
burning, grass cover increased 90% after 4 years (Blaisdell 
1953). 

There were no pretreatment cover measurements for the 197 I 
wildlife and seeding but transects installed in 1974 and read in 
1975 and 1977 revealed that the grass cover increased from 
4.5% to 16% as a result of a Z-year rest. This attests to the 
benefits of periodic rest of heavily used seeded spring range. 

Forage production increased from 1 I2 kg/hectare ( 100 
lb/acre) to an average of 703 kg/hectare (628 lb/acre) in the west 
pasture. The middle pasture forage incresed from 84 kg/hectare 
(75 lb/acre) to 52 1 kg/hectare (46.5 lb/acre) in the first year 
following the burn. There was essentially no forage production 
under the juniper sland prior to chaining, but forage production 
the first year after treatment was 157 kg/hectare ( 140 lb/acre). 
The j-year average forage production on the wildfire seeding 
was 1,008 kg/hectare (900 lb/acre). On a slightly more favor- 
able site in Central Utah, Cook ( 1966) obtained an average yield 
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Table 1. Range site, condition, vegetative cover, and forage production of prescribed burns and associated range improvements. 

Location 
Project 
Year 

Range site 

Range condition 

Vegetative cover (%) 

Sagebrush 

Other shrubs 

Grass and legume 

Forbs 

Forage production 

Park Valley Scipio Diamond Mountain 
Wildfire West pasture Middle pasture Chaining Bum Chaining Walker Calder 

1971 burn 1974 burn 1976 1976 1976 1976 bum 1976 bum 1976 

Semidesert Semidesert Semidesert Upland stony Upland Upland Mountain Mountain 
stony loam stony loam stony loam hills-juniper stony loam stony loam loam loam 

Poor Poor Poor Poor Poor Fair Fair 
1974 I975 1977 Before After Before After Before After Before After Before After Before After Before After 

0 0 0 25 2* 28 ._ 3* 22 0* 24.4 10.5 22 0 30 I 
I 2 6 4 2.5 15 4 8.2 I.1 .25 .5 0 1 _? 2 
4.5 7.5 16* 4 13* 3 17.5 6 3 2.4 3.4 23 16 17 38 
6.5 9 .5 2.5 9.8* 5.5 5.3 .4 5.3 0 2.2 I1 1 1 5 

“1008 II2 “703* 84 b521*0 b157 258 b387 370 b_tl I 
(kg/ha) 

of 1.186 kg/hectare (1,148 lb/acre) from seeded crested wheat- 
grass. 

Scipio 
A very hot and intense fire resulted from extremely dry 

conditions and low humidities on the Scipio burn. Big sage- 
brush was entirely eliminated from all of the area that burned. 
The area was seeded, but the 1976- 1977 drought was especially 
severe in central Utah, thus preventing establishment of the 
seeded species. Only 127 mm (5 inches) of precipitation fell 
between May of 1976 and August 1977, compared to the water 
year average of 4 10 mm ( 16 inches). 

Sagebrush cover in the chained pasture declined from 24% to 
10%. Due to lack of competition from native perennial grasses 
and failure of seeded grasses, the remaining sagebnish is 
expected to increase in vigor and regain dominance of the site. 

Diamond Mountain 
Approximately 80% of the area within the two Diamond 

Mountain projects actually burned. Some of the less dense 
stands of sagebrush did not burn and created a mosaic burn 
pattern. The resulting diversity of vegetation enhanced the 
aesthetic and wildiife values of the site. The remaining sage- 
brush also functioned as wind breaks and drifting soil and ash 
was deposited in and around these islands. 

The Walker burn was the only one not followed by seeding. 
Grass cover decreased from 23% to 16%. Perchanec et al. 
( 1W-l) also reported a decline in grass cover in the first 2 years 
following the burn, but it increased 60% by the end of 12 years. 
An almost pure grass stand, dominated by western wheatgrass 
(Agrop_~rm smithii), remained and is expected to fill in and 
incresc in density and cover in subsequent years. 

The Calder site was drilled but seedling emergence was 
spotty. On the open ridges where there was little competition 
from native grasses, seeded species became established. How- 
eccr. in the swales, competition from native grasses prevented 
seeded species from becoming established. The combined 
et‘l~ct of seeded species and increased native grasses improved 
the grass and legulne cover from 17% to 28%. There was little 
increase in forage production the first year after treatment, but 
production is expected to increase as the grass stand matures. 

( ‘ost s 
Burning costs were separated into two categories: cash costs 

or actual expenditures by ranchers; and noncash costs, which 
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included all of the donated equipment, manpower, and ran- 
cher’s labor. The average cash cost of the prescribed burns was 
32 97/hectare ($1 .20/acre). The major component was fire line . 
construction. Existing roads and natural fuel breaks were used 
as much as possible but some lines had to be constructed. The 
average cost was $2.69/hectare ($l.O9/acre) or $88/kilometer 
($1-!2/mile) of line constructed. Other cash cost included fuel 
for ignition and miscellaneous labor expenses. 

Labor was the largest component of the noncash costs 
averaging 5.07/hectare ($2.05/acre). Equipment costs were 
2~3.03/hectare ($1.47/acre). The total cost, including both cash 
and noncash costs, was $1 1.32/hectare (!$4.58/acre). This 
approximates Nielsen and Hinkley’s ( 1975) estimate of !$9.88/- 
hectare ($4.00/acre), and is substantially lower than spraying, 
plowing, rotobeating, or chaining sagebrush. 

All but one of the projects was seeded following the burn. 
Rangeland drills were used on four of the projects and acquired 
through cooperative agreements between the Soil Conservation 
Districts and the Forest Service or BLM. There were no rental 
costs for the drills, but parts and repairs were included in the 
seeding costs. The average cost of seed and drilling was 
B 17.79/hectare ($i .20/acre). On the Scipio burn, the seed was 
aerially broadcast and then covered with a chain for $24.71/- 
hectare ($1 O/acre). 

The costs of additional treatments to complete renovation of 
the pastures were considerably greater than burning. The cost of 
double chaining juniper and seeding to crested wheatgrass, 
alfalfa, and clover on the Park Valley project was $44.62/hec- 
tare (Sl8.0h/acre). Double chaining sagebrush with an Ely 
chain and seeding on the Scipio project was $33.88/hectare 
(b 13.7 1 /acre). Rototilling sagebrush on the Altamont project 
cost $21.7 1 /hectare ($1 O/acre). 

An economic analysis of the Park Valley west pasture 
development, including the bum, seeding, fence, and water 
developments, gave an internal rate of return of 8%. The 
fencing was completed prior to the burns, and the water 
developments would have been installed had the burn not taken 
place. Without these additional improvements, the internal rate 
of return for the burning and seeding alone would have been 
17(/c. 

Problems Encountered 
Weather conditions determine the behavior of a fire and 

consequently the effectiveness of a burn. The range of condi- 
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tions necessary to obtain a good bum yet maintain safety 
margins are very narrow. Temperatures must be high enough to 
lower the mid-day humidity below 20%. Experience for these 
bums showed that the dampening effect at higher humidities 
prevented fire from spreading. However, in gullies and draws 
supporting dense stands of big sagebrush, sufficient heat was 
generated to preheat forward vegetation and overcome the 
suppressive effect of higher humidities. Conversely, humidities h 
below 15% make vegetation very explosive and greatly increase 
the risk of a fire escaping. 

A steady breeze is also necessary to carry a fire throughout the 
burning unit. Variable winds cause a fire to lose momentum, 
resulting in a patchy, nonuniform burn. On the other hand, 
whirlwinds or strong gusts can easily carry burning debris 
across the line and start a fire outside the burning unit. 
Unpredictable and inconsistent weather conditions increase 
burning hazards and raise manpower and equipment demands. 

Wind erosion was another factor that caused severe problems 
in a nearby community. Blowing dust and ash annoyed residents 
close to the burn. However, where seedings were successful, 
wind erosion and blowing dust ceased after the first year. 
Pechanec et al. ( 193) was in agreement that accelerated erosion 
was arrested 2 years after the bum. 

The biggest risk encountered was that of fire jumping the line 
and escaping. There was not one burn that the fire did not jump 
at least once. Fortunately, most of the spot fires were contained 
before they escaped. One did get away and burned additional 
private, BLM, and Forest Service land and ranchers were faced 
with a large suppression bill. 
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Control of Common Goldenweed with 
tides and Associated Forage Release 

H.S. MAYEUX, JR., D.L. DRAWE, AND C.J. SCIFRES 

Abstract 

Common goldenweed, an aggressive half-shrub, is rapidly 
increasing as a management problem on south Texas rangeland. 
Control with conventional foliar-applied herbicides has been 
erratic, with the extent of success apparently dictated primarily by 
growth conditions, especially soil moisture, at the time of treat- 
ment. After exceptionally high rainfall, applications of 2,4-D at 
1.12 kg/ha in the spring or fall effectively controlled c~mnmn 
goldenweed. When conditions were less than optimum for weed 
response, the addition of dicamha at 0.2R kg/ha with 2,4,-D or 
2,4,5-T improved results compared to applications of phenoxy 
herbicides alone. Piclnram was more effective than phenoxy 
herbicides or phenoxyldicamba mixtures for common goldenweed 
control. Equal ratio combinations of picloram and 2,4,5-T were 
also effective and would be preferred where common goldenweed 
occurs with certain problem woody species. Within 1 year of 
treatment, 4.6 to 10.4 kg/ha ofoven-dry forage was produced for 
each percentage unit of common goldenweed foliar cover removed 
by broadcast sprays. Successful treatments were effective for at 
least 3 years. 

Common goldenweed (Isocoma coronopifolia; Compositae) 
is a perennial, suffrutescent half-shrub distributed throughout 
the western ponion of the South Texas Plains (Correll and 
Johnston 1970). The species is closely related to the poisonous 
rayless goldenrod (1. wriyhtii) of the Trans-Pews region. 
Common goldenweed forms a rounded canopy4 to 8 dm tall and 
is heavily branched from the base. The foliage is resinous, 
aromatic, and unpalatable to livestock and wildlife. The bright 
yellow, rayless capitula appear in the fall, and large numbers of 
xed are produced. 

Once considered a minor component of rangeland vegetation 
m southwest Texas, common goldenweed has increased dra- 
matically in density and distribution during the last decade. 
Currently, the species dominates substantial portions of both 
native and improvedrangeland (Fig. I), especially where brush 
has been removed mechanically. Common goldenweed also 
occurs beneath dense cover of mixed brush (Prosopis-Acacia) 
typical of the region. The species appears to be a vigorous 
competitor and is considered by ranchers within the infested 
area to be as limiting as brush to forage production. 

Attempts to control common goldenweed observed by the 
authors have often been unsuccessful. Response to commercial 
applications of 2,4-D [(2,4-dichlorophenoxy) acetic acid] has 
been erratic, and rates of I. I? kg/ha or less have not been 

Herbi- 

satisfactory. Foliar sprays of 2,4,5-T [(2,4,5-trichlorophenoxy) 
acetic acidi,dicamba(3,h-dichloro-o-anisicacid), andpicloram 
(4.amino-3,5,6-trichloropicolinic acid) were not effective at 
rates as high as I .7 kg/ha near Zapata, Texas, after application 
in June (G.O. Hoffman, personal communication. Range Weed 
and Brush Control Specialist, Texas Agricultural Extension 
Service, College Station 77843). Herbicide treatments selected 
by range managers for common goldenweed control have been 
based on general responses of other range weeds rather than 
from specific research results. Also, since common goldenweed 
often exists within stands of mixed brush, there is a need for 
evaluation of herbicide treatments that will control the larger 
woody species as well as the half-shrub. 

The objectives of this study were to evaluate the effectiveness 
of selected herbicides for control of common goldenweed, the 
influence of date of application on the weed’s responses to 
herbicides, and the response ofexisting forage species to control 
of the weed. 

Study Areas 

The research was conducted in the western portion of the South 
Texas Plains, a physiographic province characterized by a maderate to 
dense cover of mixed brush. Annual rainfall generally ranges from 40 
to (,5 cm, and summer temperatures and evaporation rates are high 
(Carl ,967). 

The first of three experiments was established 29 km northeast of 
Zapata, Tex., on rangeland which had ken mechanically cleared of 



brush in the summer of 1969. Soils are principally a fine sandy loam of 
the Brennan series (Aridic Haplustalf). Catclaw acacia (Acacia 
greggii), honey mesquite (Prosopis glandulosa var. glandulosa), 
lotebush condalia (Condulia obtusijolia), blackbrush acacia (Acacia 
rigidula), and calderona (Krameria rumosissima) regrowth was 
apparent. At the time of brush clearing, the area was seeded to buffel- 
grass (Cenchrus ciliaris) and a good stand was established. However, 
by the summer of 1971 when herbicide studies were begun, the area 
was dominated by a dense cover of common goldenweed. Other 
grasses included blue panicgrass (Panicum antidotule), fringed signal- 
grass (Brachiaria ciliatissima), hooded windmillgrass, (Chloris 
cucullatu), coast sandbur (Cenchrus incertus), and several species of 
Seturia. The herbaceous cover also consisted of a few forbs, pri- 
marily prairie coneflower (Ratibida columnaris), dogweed (Dyssodia 
terzuiloba), lazy daisy (Aphanostephus ramosissimus), and palafoxia 
(Palajoxia rosea). 

A second experiment was established 45 km southwest of Hebbron- 
ville, Tex., approximately 16 km from the Zapata location. Soils are 
sandy loams similar to those at the Zapata site. The area had been 
rootplowed and seeded to buffelgrass in 1968. At initiation of this 
experiment, other grasses present included hooded windmillgrass, 
coast sandbur, knotgrass (Setaria jirmula), red lovegrass (Eragrostis 
o.lylepis), buffalograss (Buchloe dactyloides), and red grama (Bou- 
telouu trijida). Forbs encountered were prairie coneflower, dogweed, 
lazy daisy, false ragweed (Parthenium conjertum), ground cherry 
(Physalis viscosa), and winecup (Callirhoe involucrata). 

A third experiment was established near LaPryor, Tex. Soils are 
saline with clay loam surface textures (Monte11 series, Entic Pel- 
luster-t). The vegetation of the site is dominated by common golden- 
weed and scattered perennial grasses such as common curlymesquite 
(Hi/aria belangeri), Arizona cottontop (Digitaria calijornica), plains 
bristlegrass (Seturia macrostachya), and red grama. 

Materials and Methods 

Herbicide treatments evaluated near Zapata included the butoxy- 
ethanol ester of 2,4-D at I. 12 kg/ha, alone and tank mixed with 
2,4,5-T or dicamba at 0.28 kg/ha. The herbicides were applied in the 
summers of 197 I and 1972 (July 3 and July 4, respectively), in the fall 
of I97 1 (October 2), and in the springs of 1972 and I973 (April 2 and 
3, respectively). Unusually high winds for an extended period 
precluded application in the fall of 1972. 

Treatments evaluated near Hebbronville included 0.56, 1.12 
’ 34 and 4.48 kg/ha of the butoxyethanol ester of 2,4,5-T; 1.12 and _._ , 
2.24 kg/ha 2,4,5-T mixed with 0.28 kg/ha dicamba; 0.28, 0.56, and 
1.12 kg/ha of picloram as the potassium salt; and commercial I: I 
combinations of the triethylamine salts of 2,4,5-T and picloram at 
0.56, 1.12, and 2.24 kg/ha (total herbicide). Herbicides were applied 
on March 3. April I, May I, and June I of 1972. 

Treatments applied on June 5, 1975, near LaPryor were 2,4-D or 
dicamba at I. 12 and 2.24 kg/ha. Picloram was applied alone at 0.56, 
I .I?, and 2.24 kg/ha, and in the commercial 1: 1 combination with 
2,4,5-T at I. 12 and 2.24 kg/ha total herbicide. 

Treatments were applied broadcast with a truck- or tractor-mounted 
boom sprayer to 7- by 30-m or 7- by 55-m plots. A set of untreated 
plots was included on each date. Treatments were replicated three 
times in a randomized complete block design. 

When herbicides were applied near Zapata and Hebbronville, 
canopy cover of common goldenweed was recorded as foliar inter- 
ception along a permanent 30.5-m line down the center of each plot. 
The line-intercept method (Canfield 1941) was used successfully to 
evaluate herbicide response of the closely related snakeweed (Xantho- 
cephalum sarothrae) (Gesink et al. 1973). At I and 3 years after 
herbicide application, the same lines were used to estimate treatment 
effects by comparison of foliar cover within each plot before and after 
herbicide application. Goldenweed control is expressed as percent 
reduction of foliar cover at the Hebbronville and Zapata sites. At the 
location near LaPryor, three independent visual estimates of the 
reduction in live canopy in common goldenweed were utilized to 
retlect treatment effect at 6 months and 2 years after herbicide 

applications. Data were subjected to the arcsin f10 transformation 
prior to analysis of variance (Steel and Torrie 1960). A splitplot data 
arrangement was used, with season or date of application as mainplot 
effect and herbicide treatment contributing subplot effect. Duncan’s 
multiple range test was used to compare means at the 0.05 level of 
probability. 

Rain gauges were maintained throughout the study at the Zapata and 
Hebbronville sites. Rainfall was not measured at LaPryor, but trip- 
licate soil samples were collected at three depths (0 to 15, I5 to 30, and 
30 to 45 cm) for gravimetric soil moisture determinations when 
herbicides were applied. 

In late May 1973, herbaceous standing crop was estimated at the 
Zapata and Hebbronville locations by the weight-estimate-clipping 
method (Pechanec and Pickford 1937). Ten l-m2 sampling areas 
spaced 3 m apart were evaluated down the center of each plot. Each 
sampling area was divided into four subsamples. One subsample was 
harvested to ground level and the herbage was immediately weighed. 
Herbaceous standing crop in the remaining three subsamples was 
visually estimated. The clipped samples were dried at45”C for 48 hr, 
reweighed, and the visual estimates were adjusted accordingly. The 
relationship of percentage reduction in foliar cover of goldenweed (X) 
to standing crop of herbaceous material (Y) was determined using 
regression analysis. Although all plots were sampled, only data from 
plots treated in the spring were used for the regression. 

Results and Discussion 

Control of Common Goldenweed 
Observations that 2,4-D is not effective for common golden- 

weed control were not verified by research results from near 
Zapata (Table 1). Regardless of season of application, 2,4-D 
applied at I .I2 kg/ha reduced foliar cover of common golden- 
weed by 89% or more 1 year after application. Other treatments 
(2,4-D with dicamba or 2,4,5-T at 0.28 kg/ha) were equally 
effective when applied in the spring or fall, but appeared less 
effective in the summer. Consequently, a significant season by 
treatment interaction was apparent. High variation in observed 
foliar interception, due to seasonal influences on common 
goldenweed canopy size, tended to mask differences in esti- 
mates of weed response between midsummer treatments and 
those in spring or fall. However, 3 years after applications in the 
spring or fall, common goldenweed foliar cover remained 72 to 
90% less than pretreatment levels; the maximum reduction 3 
years after summer treatment was only 50% (data not shown). 
During the 3-year period, foliar cover on untreated plots had 
increased by an average of 49% over the pretreatment levels, 
indicating continued worsening of the common goldenweed 
infestation on the Zapata study area. 

At rates of 1.12 kg/ha or less , 2,4,5-T was not sufficiently 
effective against common goldenweed when applied on any of 
four dates in the spring near Hebbronville (Table 2). Foliar 
cover was significantly reduced by application of 2,4,5-T at 
0.56 kg/ha only on May 1 (44%). Control of common golden- 

Table 1. Percent decrease in common goldenweed foliar cover 1 year after 
application of 1.12 kg/ha of 2,4-D alone and combined with 0.28 kg/ha 
of dicamba or 2,4,5-T near Zapata, Texas. 

Herbicides 

Seasons of treatment’ Herbicide 
Fall Spring Summer average 

None oc oc oc OS 
2.4-D 98a 91a 89a 93 r 
2.4-D + dicamba 98a 90a 40b 76r 
‘,4-D + 2,4,5-T 8.5 a 94a 67 ab 82r 
Season average2 94Y 92y 65 z 

’ ~Mtxn~ followed by the same letter do not differ significantly 
(I’ = 0.05). 
’ Averages of herbicide-treated plot5 only. 
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Table 2. Percent decrease in common goldenweed foliar cover 1 year after application of 2,4,5-T alone or in combination with dicamba near Hebbronville, 
Tex., in 1972. 

Herbicides 

None 
3.4,5-T 
2.4,5-T 
2,4,5-T 
2,4,5-T 
3.4.5-T + dicamba 
2.4.5-T + dicamba 

Rates 
(kg/ha) 

- 
0.56 
1.12 
2.24 
4.48 

1.12+0.28 
2.24 + 0.28 

March 

Oe 
Oe 

72b 
80 ab 
98a 
60 bc 
98a 

Treatment dates’ 

April May 

Oe Oe 
Oe 44c 

56 bc 54 bc 
82 ab 79 ab 
98a 99a 
71 b 75 b 
86a 91 a 

June Herbicide average 

Oe ou 
7e 26t 

20d 51s 
31 cd 68s 
85 a 95 r 
76b 71 s 
83 ab 90r 

’ Mean\ followed by the same letter do not differ significantly (P=O.O5). 

weed was improved where 2.24 or 4.48 kg/ha of 2,4,5-T were 
applied, apparently in proportion to herbicide rate. However, 
only the 4.48 kg/ha rate provided consistent control, reducing 
the weed foliar cover by an average of 95%. 

Addition of 0.28 kg/ha of dicamba to 2,4,5-T generally 
enhanced common goldenweed control near Hebbronville, 
compared to applications of 2,4,5-T alone (Table 2). The 
advantage of the combination over 2,4,5-T alone was particu- 
larly apparent in response to June applications. Common 
goldenweed response to 2,4,5-T alone at 1.12 or 2.24 kg/ha 
decreased sharply from the May to the June application (54 to 
20% and 79 to 3 1%, respectively), whereas no difference 
among dates was apparent when 0.28 kg/ha dicamba was 
included. Apparently, the spring period in which common 
goldenweed can be successfully treated with 2,4,5-T is ex- 
tended by at least I month by addition of dicamba at a relatively 
low rate. 

Piclorm at 0.28 kg/ha did not control common goldenweed 
near Hebbronville (Table 3). However, sprays of picloram at 
0.56 kg/ha in March or May effectively controlled the weed. 
Applied at 1.12 kg/ha, picloram reduced foliar cover by 96 to 
99% after 1 year, compared to pretreatment cover, regardless of 
date of application. Rates of 2.24 and 4.48 kg/ha of 2,4,5-T 
were required to give equivalent control levels (Table 2). 

Equal ratio combinations of 2,4,5-T and picloram were 
usually more effective than the same rates of 2,4,5-T applied 

alone (Tables 2 and 3). Application of 0.56 or 1.12 kg/ha of 
picloram in combination with the same amount fo 2,4,5-T 
generally resulted in control levels similar to those obtained 
with the same rate of picloram applied alone. Common golden- 
weed grows in association with mixed brush on the South Texas 
Plains, and the combination of 2,4,5-T and picloram is also 
effective for control of mixed brush (Scifres et al. 1977). The 
herbicide combination should serve a dual purpose where 
mixtures of goldenweeds and brush present a problem, if 

sufficient herbicide penetrates the woody canopy and is de- 
posited on the weed substratum. 

Compared to foliar canopy reductions I year after treatment 
near Hebbronville, control levels averaged about 20% less at 3 
years after 2,4,5-T was applied, and about 10% less on 
picloram-treated plots. For instance, common goldenweed 
control averaged 98% across all dates at Hebbronville after I 
year and 75% 3 years after applications of 4.48 kg/ha of 
2,4,5-T. In plots treated with picloram at 1.12 kg/ha, weed 
control decreased from 97% after 1 year to 89% after 3 years. 
After 3 years, foliar cover on untreated plots at Hebbronville 
averaged 38% higher than the initial (1972) levels. 

Applications of 2,4-D near LaPryor in 1975 were less 
effective in controlling common goldenweed (Table 4) than 
were applications of the same herbicide in the summer of 197 I 
near Zapata (Table I ). Dicamba was more effective than 2,4-D 
applied at the same rates; applied at 2.24 kg/ha, dicamba 
reduced common goldenweed canopies by 74% (Table 4). 
Picloram was also less effective near LaPryor than at other 
locations. The higher rate , 2.24 kg/ha, was required (Table 4) 
for control approaching that obtained with lower rates near 
Hebbronville (Table 3). Few differences were noted in esti- 
mates of weed response 6 months and 2 years after treatment at 
the LaPryor location. 

Comparison of the results of similar treatments applied in the 
three experiments substantiated ranchers’ and commercial 
appliers’ reports of the erratic nature of common goldenweed 
response to broadcast sprays. In this study, responses to 1 kg/ha 
of 2,4-D ranged from 98% canopy reduction in 197 1 and 1972 
near Zapata to 1 I% reduction in 1975 near LaPryor. Weed 
response in the Hebbronville experiment was intermediate. 

Although other factors may also be important, soil moisture 
availability appeared to strongly influence common golden- 
weed response to sprays. During the 18 months that rain gauges 
were maintained at the Zapata and Hebbronville study areas 

Table 3. Percent decrease in common goldenweed foliar cover 1 year after application of 2,4,5-T and picloram alone or combined in equal ratios near 
Hebbronville, Tex. in 1972. 

Herbicides 
Rate’ 

(kg/ha) March 
Treatment date? 

April May June Herbicide average 

None 
Picloram 
Picloram 
Picloram 
2,4,5-T + picloram 
2.4.5-T + picloram 
2,4,5-T + picloram 
2,4,5-T + picloram 

- Oe 
0.28 6e 
0.56 IOOa 
1.12 96a 

0.28 12de 
0.56 47c 
1.12 92a 
2.24 92a 

Oe 
Oe 

72 b 
97a 

Oe 
20d 
89a 
94a 

Oe 
Oe 

96a 
99a 
20d 
58bc 
89a 
98a 

Oe 
Oe 

71 b 
96a 

Oe 
3lcd 
74b 
96a 

Ot 
2t 

85 r 
97r 

8t 
39s 
86 r 
95 r 

’ Kate\ ot the commercial combination are given as total herbicide applied. 
’ Means tollowed by the same letter do not differ sgnificantly (P = 0.05). 
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Table 4. Percent canopy reduction of common goldenweed 6 months atier Table 5. Standing crop of oven-dry forage (kg/ha) in May 1973 after ap- 
foliar applications of various herbicides in June 1975 near LaPryor, plications of 2,4-D at 1.12 kg/ha alone or combined with 0.28 kg/ha of 
Tex. dicamba or 2,4,5-T near Zapata, Tex. 

Herbicides 
Herbicide rate (kg/ha)’ 

1.12 2.24 Herbicides 

Seasons of treatment’ Herbicide 
Fall Spring Summer average 

3,4-D Ild 
Dicamba 33 c 
Picloram 56b 
2,4 S-T + picloram ( 1: 1) 28cd 

43c 
74a 
86a 
88a 

None 869 b 379 a 896 b 715s 
2,4-D 1034c 873 b 1313c 1073 r 
7.4-D + dicamba 127oc 1717d 840 b 1276r 
2,4.-D+3,4,5-T 952 bc 1399c 791b 1047r 

’ Means followed by the same letter do not differ significantly (P = 0.05) ’ Xlcan\ tollowed by the same letter do not differ significantly (P = 0.05) 

(October 1971 to March 1973), 190 cm of rain were recorded at kg/ha for each 1% reduction in foliar cover of common 
the Zapata site, where weed susceptibility was high. At the 
Hebbronville site, where weed response was comparatively 
lower, 9 1 cm of rain were recorded during the same period, and 
the majority fell during fall months in 197 1 and 1972. Soil 
moisture conditions were not favorable for growth when 
applications were made in early March, April, May, and June 
near Hebbronville. Average annual rainfall for the 18-month 
period is 58 cm at Zapata and 72 cm at Hebbronville (Anon. 
1973). 

goldenweed. The predicted standing crop after elimination of 
the weed would be 1,105 kg/ha. Highest actual yield on this 
site, 1,483 kg/ha, followed application of 1.12 kg/ha of 
picloram on April 1, 1972. 

Conclusions 

Common goldenweed was especially tolerant of broadcast 
sprays in the LaPryor experiment. Although rainfall was not 
measured, soil moisture content on the day of treatment was 
7.8% in the surface 15 cm, 9.6% at a depth of 15 to 30 cm, and 
10.0% at the 30 to 45 cm depth. Soil water availability was low, 
in view of the high tensions at which water is held in a clay loam 
soil. 

Control of common goldenweed with broadcast sprays of 
herbicides is feasible and can result in substantial increases in 
forage production. Satisfactory results may be obtained by 
spraying in the spring or fall. Since adequate soil moisture for 
plant growth is particularly important for control, regardless of 
season, spraying should be done only during periods of high 
rainfall. 

Similar variation among years and locations in response of 
the closely related range weed Ericameria austrotexana has 
been reported (Mayeux and Scifres 1976). A comparison of 
environmental conditions during herbicide applications sug- 
gested that lowered Ericameria susceptibility was associated 
with moisture stress. Rainfall prior to treatment or the presence 
of adequate soil moisture is a demonstrated requirement for 
satisfactory control of other similar species (Sperry 1967; 
Mohan 1973). The dependence is probably related to a require- 
ment for rapid vegetative growth and associated physiological 
activity. Periods of rapid stem elongation of Drummond’s 
goldenweed correspond closely to brief periods of high extra- 
table soil water (Mayeux and Scifres 1978). 

When moisture conditions are near optimum for vegetative 
growth, 1 kg/ha of 2,4-D is adequate to control common 
goldenweed. However, given the low frequency of occurrence 
of rainfall in south Texas comparable to that measured at the 
Zapata study site in 197 1 and 1972, more consistent results 
under conditions of normal spring and fall precipitation would 
require the use of 2 kg/ha. Results of spraying when conditions 
for weed response were less than optimum were also improved 
by the addition of 0.28 kg/ha dicamba to the phenoxy herbicide. 
Picloram and the 1: 1 combination of picloram and 2,4,5-T were 
more effective against common goldenweed than were the 
phenoxy herbicides alone and especially would be preferred if 
brush species were present. 
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Comparison of Fecal, Rumen and Utilization 
Methods for Ascertaining Pronghorn Diets 

A.D. SMITH AND L.J. SHANDRUK 

Abstract 

Fourteen male pronghorn (Antilocapra americana), two in each 
of seven spring and summer months, were killed to obtain rumen 
and fecal matter for comparing methods of determining diets. 
They came from a herd confined to the Desert Experimental 
Range in southwestern Utah. Animals were killed only after they 
had completed their early morning grazing period. Plant material 
was removed from the rumens and rectums, fresh feces were 
collected from the feeding site, and forage utilization and pro- 
duction estimates were made there. Diets as indicated by the four 
data sources-rumen, intestinal feces, site feces, and utiiization- 
varied with individual animals from close to little agreement, a not 
unexpected result in view of food availability and selection. Fewer 
plant species were identified by fecal analysis than were found in 
the rumen; even fewer species were recorded by utilization 
estimates. This indicates that fecal analysis may be less accurate 
than rumen data but more so than those based on plant utilization. 
Validation tests of the fecal method conducted with mule deer 
(Odocoileus hemionus) fed known diets showed substantial dif- 
ferences with individual species in the amounts fed and the 
amounts indicated by fecal analysis. Only in the case of the single 
grass species fed was there close agreement; browse and forb 
species differed greatly. 

Effective management of wild ruminants and their habitat 
depends upon a knowledge of plants selected and the compo- 
sition of the diet at each season. All methods for determining 
animal diets have disadvantages. Analyses of rumen contents 
necessitate sacrificing animals unless fistulated animals are 
available, a costly and often troublesome procedure. Moreover, 
biased estimates may result from rumen samples because plants 
have different rates of digestibility and disappearance from the 
rumen. Utilization estimates, usually ocular, are subject to 
observer error and personal biases. Utilization is difficult to 
detect when use is light, as it often is with game animals; and 
when more than one herbivore is present it may not be possible 
to separate their effects. There are limited oppdrtunities for 
observing wild animals feeding at close range. In dense vegeta- 
tion, determining the plant being utilized is nearly impossible. 
Use of tamed animals can minimize some of these difficulties, 
but they provide limited and possibily unrepresentative samp- 
ling. 

Fecal analysis is increasingly advocated to avoid the dis- 
advantages of other methods for determining diets of free- 
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ranging ruminants present. Fecal samples can be obtained 
without intensive animal observations, topography or dense 
vegetation is no hindrance, animals need not be killed or their 
normal feeding habits disrupted, and animal movements are 
unaffected. For these reasons the fecal method may be especi- 
ally useful for determining the food habits when rare or 
endangered ruminants are involved. 

It seemed worthwhile to inquire into the utility of the fecal 
analysis technique for determining pronghom diets because: 
populations are sparse in Utah making direct observation 
difficult; their habit of defecating on roadways makes fecal 
collection comparatively easy even though animals are scattered 
widely; grass makes up a small part of their diets and past 
research in which the fecal technique has been used has dealt 
with animals whose diets were primarily grass. 

The histological approach to food habits utilizing epidermal 
fragments in feces was first attempted by Dusi (1949) to 
determine food habits of rabbits by adapting a technique used by 
Baumgartner and Martin (1939) to analyze stomach contents 
from squirrels. Martin (1955) in Scotland and Croker (1959) 
and Hercus (1960) in New Zealand used fecal analysis to 
ascertain sheep diets. Voth and Black (1973) used the technique 
with mountain beaver (Aplodontia ru$z) and Owen (1975) 
applied it in waterfowl studies. 

Despite the wide use of fecal analyses in food habits research, 
controlled tests using known diets are comparatively few. Storr 
( 196 1) used the fecal analysis technique to determine kangaroo 
diets using captive animals fed known diets. There was no 
significant digestion where epidermal tissue was well encased in 
cutin; a condition existing only in perennials. Annuals did not 
fill this requirement and the method did not “cope satisfac- 
torily” with them. 

Stewart (1967) fed known quantities of eight grasses to seven 
East African game species-six ruminants and one nonrumi- 
nant. Counts of epidermal fragments were judged invalid 
because of their differential size. Determination of areas of 
epidermis or tabulations by point counts provided better 
indexes, but even then significant differences were found from 
the amounts ingested. Zyznar and Urness (1969) fed known 
quantities of shrub and herbaceous plant species to captive mule 
and white-tailed deer. Only a small percentage of the fecal 
material examined could be identified, leading them to question 
the accuracy of the method, although their techniques were less 
sophisticated than those developed since. 

Free et al. ( 1970) collected forage samples from esophageally 
fistulated steers and fed the samples to sheep. They reported 
substantial agreement between the weights of grass species 
found in the esophageal samples and those in the fecal samples 
of steers and sheep. Forbs were less readily identifiable al- 
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though they were present in only small amounts. 
Hansen ( 197 1) claimed close agreement between the compo- 

sition of ingested and fecal material of wild sheep, but no data 
on plant species were included. Casebeer and Koss (1970) 
reported similarity between the stomach contents and fecal 
material of wildebeest (Connachaetes taurinas), zebra (Equus 
burchelli), hartebeest (Acelaphus buselaphus cokii), and cattle; 
but examination of their data show Themedu triandru was 
consistently over- or under-estimated depending on the animal 
and the season-in one case more than 200%. Anthony and 
Smith ( 1974) compared rumen and fecal samples from both 
mule and white-tailed deer and found some highly significant 
differences. 

Marshall ( 1969) warned of the difficulties encountered in the 
use of microscopic fecal analysis for quantifying herbivore 
diets. Slater and Jones (1971) reported that white clover in 
quantities up to 20% of the diet of sheep did not show up in the 
feces, and a grass species (Setaria sphacelata) which comprised 
27 to 38% of the diet of three heifers yielded only 1 to 4% in the 
feces. Siratro, a legume, the only other plant in the diet suffered 
excessive fragmentation, which depressed the percentage of 
grass. 

More recently, Jacobs (I 973) reported results and problems 
of the fecal technique with pronghorn. He found smooth 
bromegrass (Bromus inermis), white sweetclover (Melilotus 
ofiicimlis), and big sagebrush (Artemisia tridentata) were 
underestimated by the fecal technique. Westoby et al. (1976) 
concluded after examining ground contents from stomachs of 
jackrabbits (Lepus calijornicus) that the microscopic examin- 
ation of fragmented material was ill suited to diets containing 
desert (northern) shrubs. 

The primary objectives of this study were to: 
1. Compare fecal analyses, rumen analysis, and utilization 

estimates as methods for obtaining quantitative estimates of 
antelope diets which are primarily of species other than grass. 

’ _. Determine if various plant species representative of ante- 
lopes’ diets are differentially recognizable after passing through 
the digestive system of an animal. 

Methods 

The study was done in two phases. One involved killing pronghorn 
antelope from an experimental herd confined within an enclosure on 
the Desert Experimental Range in southwestern Utah, a branch of the 
Intermountain Forest and Range Experiment Station, U.S. Forest 
Service. Rumen and fecal materials were obtained from the killed 
animals by sampling the contents of the rumen and rectum. Two 
animals were taken each month from July to November in 1970, and in 
197 I two animals were killed in April and two in June. A feared 
shortage of males-all animals taken were males-caused us to skip a 
planned May collection. 

Animals were collected only after a herd of pronghorn numbering 
from a few to several animals had been observed to occupy and feed on 
a site for several hours. Forage utilization and production estimates for 
calculating diets were made at the feeding site, and fresh-appearing 
fecal material was collected from the immediate area. 

Four different sources of data were thus available for comparison: 
rumen material, intestinal feces, feces collected from the ground, and 
vegetation estimates. Obviously these material sources were not 
entirely comparable, but no sample from an individual animal is 
comparable to that from another unless both are restricted to the same 
forage choices, an impossibility with free-ranging animals. 

The rumen materials were analyzed by gravimetric point frame 
(described by Chamrad and Box 1964) and the microscopic point 
method. The microscopic-point count was accomplished by passing 
slides containing ground material under the ob.jective of a compound- 

binocular microscope so that the cross hair described five equally 
spaced transects through the mount. Fragments encountered by the 
cross hair were identified and tabulated (Shandruk 1975). The point 
frame and microscopic point methods provided counts of fragments 
which were converted to percentage frequency. In this paper the means 
of the three methods were used to represent rumen analysis. To avoid 
observer biases all the samples were analyzed by one technique at a 
time in this order: rumen, intestinal fecal, and site fecal. 

The dried fecal materials were ground through a 40-mesh screen. 
The ground material was preliminarily treated as described by Storr 
( I96 1 ), Williams (1969), and Cavender and Hansen (1970). None of 
these procedures proved suitable, as the forb species in particular lost 
their distinguishing characteristics, making identification question- 
able. Furthermore, the procedures were too complicated and time 
consuming. The procedures used combined features of several tech- 
niques reported in the literature. A mixture of 10% nitric and chromic 
acids ( I : 1) was used to digest the ground (40-mesh screen) samples 
and free the epidermal fragments. Digestion lasted 12 hours. Safarin-0 
and crystal violet stain were successively used as staining media. 
Stained materials were mounted on microscopic slides in Karo 
mounting medium. The procedures followed are described in detail by 
Shandruk (1975). 

Although comparing the values obtained from the fecal material 
with those obtained by other methods provided a rough measure of the 
reliability of the fecal analysis technique, no definitive assessment 
could be made from these comparisons alone. Accordingly, a feeding 
test was devised where there was control over the species ingested. 
The test was conducted in May with green herbaceous forage. No 
pronghorn were available, so captive mule deer were used. Five plant 
species were included in the diet-two browse species, two forbs, and 
one grass (Table 3). The mixture used was formed to simulate the 
kinds of forage used by pronghorn. Only the browse species were 
identical to species found in the area from which the pronghom were 
collected; the herbaceous species, however, were similar to or were of 
the same genera as plants available to them. 

Two mule deer were confined to individual pens and fed ad libitum 
of the five species for several days to ascertain how much of each they 
would eat. During the test period, the five species were fed in the same 
proportions they were consumed in the preliminary period, and the 
total amount offered was kept just below the level of consumption we 
had observed. Consequently, virtually all of the offered material was 
consumed each day throughout the 10 days of the test. To compensate 
for the time required for material to pass through the digestive tract, 
fecal material was compared to forage intake observed 48 hours 
previously (Mautz and Petrides 197 1). Since intake was regulated by 
limiting amounts of each plant in the mix, this precaution was taken 
primarily to avoid any pretest influence, although in view of the 
findings of Eng et al. ( 1964) 48 hours may be insufficient to eliminate 
all pretest materials. Samples for analysis were composited from all 
pellet groups deposited each day. 

Results 

Standard deviation indexes (I= E(d)“, Hansen 197 1) and 
n-l 

coefficients of determination (?) were calculated by making 
paired comparisons of the individual results obtained by the four 
methods (Table 1). A low index of deviation indicates agree- 
ment; a high coefficient of determination does likewise. By both 
of these indexes, the order of the first three paired comparisons 
are identical. The other three pairs appear in inverse order, but 
the differences in each case are small and provide little basis for 
judgments. Closest agreement was found between diets deter- 
mined by fecal material collected at a feeding site and utilization 
estimates made at the same location. This high agreement might 
have been predicted, for by either method sources of variation 
are minimized. The samples represent selection of more than a 
single animal; more than one day’s selection was represented at 
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rumen sample, and intestinal feces was intermediate between 
rumen and utilization, as it was in four other instances. In four 
instances rumen diets stood alone; in five instances forage 
utilization figures differed from all other analytical methods 
tested. 

One measure of the accuracy of the technique for ascertaining 
diet composition is the number of species identified in the 
sample; the more species found the more sensitive the method, 
assuming accuracy in identification. By this criterion, the 
methods are in descending order rumen, intestinal feces, site 
feces, and utilization estimates, with mean number of species 
per sample of 8.7, 8.6,7.0 and 5.9, respectively. Surprisingly, 
fewer species were identified in fecal material collected from 
the ground than in fecal material taken from the intestines. That 
utilization estimates identified fewer species is not surprising, 
for the possibility of overlooking light use on quantitatively less 
important species is high. Moreover, certain plants which 
readily disarticulate upon being grazed leave almost no visual 
evidence that cropping has taken place. 

The two animals killed at each collection date were insuf- 
ficient to provide an adequate sample because of individual 
preference and nonuniformity of vegetation throughout the 
enclosure. By aggregating the observations from all 14 animals 
over the entire period, we can in effect enlarge the sample and 
iron out day-to-day variations. When this was done, there was a 
high degree of agreement among all methods. In a few instances 
the percentages differ, but differences are not large, and the 
results, as shown by the ordination, are almost identical for the 

Table 1. Comparisons of four methods of diet determination of 14 antelope. 

Deviation Determination Coefficient 
index value rank 

Site feces X utilization 5.72 0.766 I 
Rumen x intestinal feces 8.90 0.605 2 
Rumen x utilization 10.62 0.507 3 
Intestinal feces X site feces 11.54 0.394 6 
Rumen x site feces 11.81 0.398 5 
Intestinal feces X utilization Il.99 0.444 4 

least on some feeding sites, and on occasion selection was being 
made from the same plant mix. 

Rumen analysis agreed most closely with fecal material from 
the intestines; rumen analysis and utilization estimates were in 
third place. 

Comparisons based on individual animals are more reveal- 
ing. In 7 of the 14 individual samples, the results obtained from 
the rumen agreed very closely both as to species identified and 
percentage in the sample with the intestinal feces analysis. Since 
there may be considerable lag between food ingestion and its 
appearance in the lower intestine, this close agreement indicates 
constancy in food selection. 

In six of the samples, site feces and utilization estimates were 
very similar and differed somewhat from other methods. Site 
feces was often intermediately comparable between rumen and 
intestinal feces on the one hand and vegetation utilization on the 
other. In one instance site feces agreed most closely with the 

Table 2. Comparison of the diets of male antelope in southwestern Utah for seven periods throughout the summer months as determined by four methods. 

Rumen Intestinal feces Site feces Utilization Mean 
Percent Rank Percent Rank Percent Rank Percent Rank Percent Rank 

Browse 
Prunus jasciculata 
Artemisia nova 
Xanthocephalum sarothrae 
Artemisia spinescens 
Ephedra nevadensis 
Juniper-us osteosperma 
Brickellia oblongqolia 
Tetradymia nuttallii 
Atriplex conjertijolia 
A. canescens 
Cercocarpus intricatus 
Cowania stansburiana 
Chrysothamnus spp. 

Total browse 

Forbs 
Sphaeralcea spp. 
Salsola kali var. tenuijolia 
Eriogonum spp. 
Enceliopsis nudicaulis 
Oenothera canescens 
Chenopodium album 
Euphorbia ocellata 
Hermidium alipes 
Penstemon nana 
Hymenopappus jilijolius 
Chaenactis macrantha 
Cryptantha SQQ. 

Haploppapus nuttallii 

Total forbs 

Grass 

21.7 
17.4 
11.8 
7.3 
2.5 
8.0 
6.3 
0.7 
1.9 
0.5 
0.4 
0.3 

T 
78.7 

24.3 
17.7 
12.4 
7.4 
3.9 
5.7 
3.9 
2.0 
2.5 
1.2 
0.5 
0.4 

0 

81.9 

25.2 
27.1 

8.5 
8.5 
3.2 
0.1 
0.8 
2.5 
2.1 
0.3 
0.5 

0 
0.1 

78.8 

2 22.5 
27.5 

6.8 
10.0 
4.3 
0.1 
1.3 
2.9 
1.1 
0.7 
0.2 
0.7 

0 
78.1 

2 23.4 
‘3 4 __. 

9.9 
8.3 
3.5 
3.5 
3.1 
2.0 
1.9 
0.7 
0.4 
0.4 

T 
79.5 

2 
4 
3 
8 

21 
14 
9 

10 
19 
18 

4 
3 
7 

21 
12 
10” 
13b 
16’ 
20 
17’ 

6 
10 
4 

8 
9 

10 
12 
13 
15 
18 
19 
27? 

13 
11 
17 
lgd 
20 
27 

12 
11 
15 
16 
17 

20 

7.5 
3.5 
3.8 
I.3 

0 
0.3 
0.3 
0.3 

T 
0 
0 

0.1 
0 

17.1 

3.4 
5.4 
7.7 
0.8 
0.3 
0.5 
0.2 
0.1 
0.6 
0.2 
0.4 
0.1 
0.1 

19.8 

9 
8 
5 

12 
21 
I6 
22 
25’ 
15 
23 
19d 
2G 
24 

6.6 
5.1 
2.0 
1.6 
0.6 
0.5 
0.6 
1.0 

0 
0 
0 
0 
0 

18.0 

4 
IO 
9 

I4 

5 
6 

11 
12 
16 
17 
15 
13 

5.1 
6.4 
2.9 
1.1 
1.8 
1.1 
0.3 

0 
0 

0.4 
0 
0 
0 

19.1 

6 
5 
9” 

14b 
II 
156 
19 

5.6 
5.1 
4.1 
1.2 
0.7 
0.5 
0.3 
0.3 
0.3 
0.1 
0.1 
0.1 

T 

18.4 

5 
6 

14 
16 
17 
20 
21 
22 
23 
24 
25 
26r 

18 
19 
20 
22 

18 

21 

0.7 14 1.7 13 3.3 3.0 8 37 -._ II 

’ 1.11tr1c\ lollo~ed by Icttcrs indute dentlcal value\ wtthln column\: T = trace. 
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major forage species (Table 2). This suggests that if sufficiently 
large samples were taken, any of the methods could be expected 
to be in close agreement. 

The results of the controlled feeding tests with deer do not 
confirm the reliability of the fecal technique. No species 
appeared in percentages closely approximating its occurrence in 
the diet (Table 3). Sagebrush (Artemisia tridentata) and juniper 
(Juniper-us osteosperma) were greatly overestimated in the fecal 
analysis. Both forbs, mulesear (Wyethia amplexicaulis) and 
desert parsley (Lomatium dissectum), were underestimated 
considerably. Kentucky bluegrass (Poa pratensis) came closer 
to agreement, but even it was overestimated by 23%. A paired 
t-test on the fecal-diet estimate comparing the results of the two 
deer showed highly significant differences (Pr .Ol) for all 
species fed except Lomatium. 

A similarity index was calculated using Kulczunski’s mathe- 
matical index of similarity (Hansen 197 1) SZ= &! where w is the 

a-+-b 
lowest value of percent composition of the actual intake and the 
dietary estimates and a+b is the sum of the intake estimate and 
the fecal estimate (Table 3). The index should equal 100% if the 
fecal estimate equaled the amount of forage fed (intake esti- 
mate). Hansen ( 197 1) considers an index of 85 or bett’er an 
indication that samples are very much alike. Only with blue- 
grass did the index of similarity exceed 85%, notwithstanding a 
paired t-test showed a highly significant difference between the 
amounts of bluegrass in the food feces. These results, though 
limited, indicate that there is a differential disappearance of 
epidermal fragments among species. 

Table 3. Comparison of percent composition of diets of two 
percentage identified in feces on a dry weight basis. 

deer and 

Species 

Diet estimate 
Percent of using fecal Similarity 

diet fed analysis t-values index, percent 

Arremisia 
tridentata 

WJetil ia 
amplexicaulis 

Lomatium 
dissecturn 

Poa pratensis 
Jirrliperus 

osteosperma 

9.45 

39.52 

33.03 

17.67 

0.34 

at .Ol level. 

28.83 19.71** 46.57 

24.57 13.30** 76.67 

22.33 9.43 80.69 

21.66 4.53”” 89.91 

3.07 7.66* 20.65 

Discussion 

The results we obtained suggest the claims for accuracy of 
the fecal analysis technique made by some investigators are 
overstated. In those studies where close agreement between 
observed intake and fecal fragments identified have been 
reported, grasses provided the sole or major part of forage 
ingested. Similarities between species with respect to cutini- 
zation, fragmentation on digestion, rate of digestion, and ratio 
of epidermis to volume of plant tissue could thus be expected to 
be quite similar among species. When dissimilar plants such as 
forbs and browse have been involved, the results have been 
disappointing (Jacobs 1975; Slater and Jones 197 1; Westoby et 
al. 1976). Dunnet et al. ( 1973) found different digestibilities (as 
determined by “persistence indexes”) due to plant species, 
individual animal, and feeding trial. Voth and Black (1973) 
ascertained that among 20 species eaten by mountain beaver the 
ratios of fecal fragments identified to the weight of material 

consumed varied from 0.9 to 14.6. No grasses were included 
nor does it appear that the fecal material was ground prior to 
analysis, a procedure that might be expected to reduce vari- 
ability in the size of epidermal fragments, and hence, the range 
of fragment to weight ratios. 

The marked differences in the results from individual animals 
as shown by the method of analysis used--men material, fecal 
material, or utilization estimates of vegetation-are not sur- 
prising, since to a considerable extent they did not represent 
samples from the same population. Had the animals been 
confined to a homogeneous plant community for a period of 2 or 
3 days, one could have expected greater agreement. In fact there 
were several factors which affected agreement among the 
samples obtained. In some cases there was evidence that the site 
where animals were located and from which samples were 
obtained had been occupied for a day or more. Under these 
conditions, the results could be expected to be similar, and any 
differences would reflect the method of analysis. If, however, 
animals had just moved to the site from grazing another plant 
community, the fecal material, whether obtained from the 
intestine or picked up on the site, would represent vegetation 
from areas previously grazed and which may have been unlike 
that found at the collection site. Rumen material and intestinal 
feces represitnt a much shorter feeding interval than other data 
sources. 

It is difficult to explain why utilization and rumen data were 
not more often similar, for they ought in most cases to have 
come from the same population. We killed animals only after 
they had been observed feeding for some time; hence estimates 
of forage removal should have matched material in the rumen 
unless the animals had fed elsewhere before we located them, in 
which case items other than those on site could have been 
ingested. In addition, coarser material may be retained in the 
rumen, thus exaggerating its importance. 

Although there are reasons, such as mobility of the animals 
and a more restricted sample from the intestine, why results 
from intestinal fecal material would differ from results from 
fresh fecal material collected from the ground, it is surprising 
that they differed so often. For example, the coefficient of 
determination between site feces and intestinal feces was 0.646; 
between site feces and forage utilization it was 0.766 (Table 1). 

Fewer species were identified from fecal material collected 
from the ground than from intestinal feces, in aggregate 23 
species. Since the intestinal feces came from the rectum, there 
should have been little difference in the digestion processes in 
each case. Possibly the weathering that feces were subjected to 
after being deposited may have been a factor, although we 
collected only the fresher-appearing feces. We have in other 
studies where intakes were known, experienced difficulty in 
identifying some species in fecal matter. We are not yet certain 
whether this was due to alterations in diagnostic characteristics 
caused by digestion or whether the preparation procedures used 
were responsible. 

Our decision to analyze intestinal feces was based on a 
“target of opportunity” concept. It is unlikely that wild animals 
would be sacrificed to obtain fecal material solely for food 
habits analysis. In view of the fact that in our experience the 
results from intestinal feces closely paralleled rumen analysis, 
there seems no impelling reason to make fecal examination of 
intestinal material, although to do so would theoretically 
broaden the base of the sample (by covering a larger time 
interval) and provide a more representative sample. Each 
animal might thus provide samples from two or more feeding 
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days rather than just one. 
Only in a general way do the data in Table 2 provide an index 

of the species consumed by antelope on the western desert 
valleys of Utah in summer. The vegetation in the enclosure in 
which the herd was confined is not entirely representative of that 
found elsewhere. There is more desert almond (Prunus fus- 
ciculata) than is found in many areas and forbs are better 
represented than in many adjoining areas both in number of 
species and amounts produced. Secondly, no collection was 
made in May, which tends to depress the importance of forbs in 
the diet since it is then that forb production is ordinarily 
highest. Also, bug sage (Artemisia spinescens), a highly pre- 
ferred plant of pronghorn, is of great importance in May. 
Finally, the animals taken in late July and August were found in 
portions of the enclosure where black sage (Artemisia nova) was 
not present. This probably accounts for this species being in 
second place; examination of stomach contents of free-roaming 
pronghom killed during the hunting season in August in areas 
adjacent to the station enclosure showed that black sage was 
over three times as important as desert almond. In part this may 
be due also to unavailability of desert almond in some areas 
from which the hunted animals came. 

Despite these problems it may be a useful supplement to 
utilization estimates and other observational methods for ob- 
taining dietary estimates of furtive and difficult-to-observe 
species. 
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Factors Affecting Root of Stem Cuttings of 
Salt Desert Shrubs 
STEVEN G. RICHARDSON, JERRY R. BARKER, KENT A.CROFTS AND GORDON A. VAN EPPS 

Abstract 

Several variables were identified that affect rooting of stem 
cuttings of fourwing saltbush (Atriplex canescens), cuneate salt- 
bush (A. cuneutu), shadscale (A. conferfifoliu), spiny hopsage 
(Grayiu spinosa) and greasewood (Sarcobatus vermiculatus). Dif- 
ferences in rooting were found among different individuals within 
the same population. Rooting varied with season of collection and 
with concentration of hormone application. There was an inter- 
action between the effects of season of collection and concentration 
of applied hormone. Longer fourwing saltbush cuttings rooted 
better than shorter ones, and woody basal portions of new leaders 
rooted better than herbaceous tips. Sex of dioecious saltbush 
species was generally not an important factor in rooting success. 
Cuttings from greasewood plants grown in a greenhouse rooted 
better than field-collected cuttings. 

Vegetative propagation of desert shrubs is a means of 
producing a number of genetically identical individuals in 
species whose sexually produced offspring are normally highly 
variable. Reduced variability of plant materials can increase 
experimental precision, and a large number of genetically 
identical individuals is necessary for varietal testing. Repro- 
duction of desirable parent characteristics such as high seed 
yield would be valuable in the establishment of seed production 
nurseries. Vegetative propagation is also a method of producing 
transplants of species whose seeds do not germinate readily. 

The propagation of stem cuttings of several saltbush (Atri- 
plex) species and a few species from other salt desert shrub 
genera have been studied by Nord and Goodin ( 1970)) Wieland 
et al. ( 197 1 ), Ellern ( 1972), and Wiesner and Johnson ( 1977). 
Although these studies have provided much useful information, 
they have also raised further questions that need to be addressed. 
For example, it was not clear why hormone treatments some- 
times enhanced rooting and sometimes did not. Although Nord 
and Goodin ( 1970) and Ellern ( 1972) observed a general trend 
for better rooting of saltbush (Atriplex) species in spring than 
fall, no data were available for summer and winter. Nord and 
Goodin ( 1970) noted better rooting of green stem tips than 
ripewood cuttings, but Ellern (1972) failed to find any dif- 
ference in rooting of soft, green cuttings and young woody 
stems cuttings. 

Certain other factors not addressed by the above cited 
research might also be important to the successful rooting of salt 
desert shrub stem cuttings. Freeman et al. ( 1976) found that for 
several dioecious species, including shadscale (Atriplex con- 
jcwijoliu), male plants were more abundant on harsher sites 
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(more saline or xeric) and females were more abundant on the 
less harsh sites, suggesting that the sexes may differ in their 
physiological ability to survive stress. It is possible that physio- 
logical differences between sexes might also include the ability 
to produce adventitious roots on stem cuttings. The size of 
cuttings and the environmental conditions under which the 
donor plants are grown may also affect rooting. 

Research was conducted to shed further light on factors 
affecting adventitious root formation on salt desert shrub stem 
cuttings. The specific research objectives were to: (1) identify 
the optimum season to collect stem cuttings of fourwing 
saltbush (Atriplex cunescens) and cuneate saltbush (A. cu- 
neata); (2) determine whether or not sex of dioecious saltbush 
species is important to rooting of cuttings; (3) study the response 
of shadscale, fourwing saltbush, and spiny hopsage (Grayia 
spinosa) to various concentrations of exogenously applied 
indole-3-butyric acid (IBA); (4) determine whether there is an 
interaction of season of collection with concentration of applied 
hormone on rooting response of fourwing saltbush; (5) deter- 
mine how size of stem cuttings and portion of stem used for 
cuttings affected rooting of fourwing saltbush; and (6) compare 
rooting of greasewood (Sarcobatus vermiculatus) cuttings 
collected from field-grown and greenhouse-grown plants. 

Methods 

Collection Sites 
Stem cuttings of fourwing saltbush (Atriplex canescens), cuneate 

saltbush (A. cuneatu), shadscale (A. confertifolia), spiny hopsage 
(Gruyia spinosa), and greasewood (Surcobutus vermiculatus) were 
collected from the vicinity of Bonanza, Uintah County, Utah. Ele- 
vations of the Bonanza collection sites range from about 1,585 m 
(5,200 ft) to 1,707 m (5,600 ft) and average annual precipitation 
ranges from 18 cm (7 inches) to 23 cm (9 inches). The salt desert shrub 
vegetation is grazed during the winter by sheep. For certain of the 
experiments, as explained below, stem cuttings of fourwing saltbush, 
cuneate saltbush, and shadscale were collected from Wildcat Mesa and 
Pete Steele Bench, two adjacent mesas in eastern Garfield County, 
Utah. Elevations of the Wildcat Mesa and Pete Steele Bench collection 
sites range from 1,707 m (5,hOO ft), to 1,768 m (5,800 ft), with 
average annual precipitation in the 20-cm (8 inches) to Z-cm (9 
inches) range. The vegetation is salt desert shrub and the primary use 
of the land has been for winter cattle grazing. 

General Propagation Techniques 
The youngest available woody stems (current year’s growth in 

summer and previous season’s growth in winter) were collected from 
the above field sites and placed in plastic bags. The plastic bags of 
cuttings were transported in Styrofoam chests. Stem sections 8 cm long 
(except in the experiment comparing cutting length), with the lower 2 
cm of leaves removed, were dipped first in water and tapped against 
the side of the container to remove excess water. The moistened 
cuttings were then dipped in talc powder containing indole-3-butyric 
acid (IBA) and excess powder was removed by tapping the cuttings 
against the container. IBA in talc powder was used because IBA has 
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been shown to be probably the best hormone for genera1 use due to its 
effectiveness in promoting root initiation of a large number of plant 
species and its general lack of toxicity over a wide concentration range 
(Hartman and Kester 1975). A concentration of 0.3% IBA was used, 
except in experiments testing effects of hormone concentration, 
because it had proved effective in preliminary experiments for 
promoting root initiation of several salt desert shrub species. 

After hormone treatment, the cuttings were inserted one each into 
moistened peat pellets in plastic trays with inside dimensions of 50.8 
cm x 25.4 cm x 6.4 cm. The trays of peat pellets with cuttings were 
kept in a translucent polyethylene enclosed chamber in a glasshouse. 
One side of the chamber was left open during the day to prevent 
excessive heat build-up. No supplemental lighting was provided. 

The cuttings were sprinkled with water daily. Holes in the bottom of 
the trays allowed adequate drainage. A temperature of 21°C was 
maintained in the growth medium with thermostatically controlled 
electric heating pads. Air temperatures in the chamber ranged from 
15°C to 29°C in winter and from 17°C to 35°C in summer. Cuttings 
were examined for root initiation after 30 days in the propagation 
chamber. 

Season of Collection 
Cuneate saltbush and four-wing saltbush were collected at various 

times from Bonanza, Utah, during the period of March 1976 through 
August, 1977. At each collection date 50 cuttings from each of 5 plants 
per species were treated as above with 0.3% IBA in talc. Percent 
rooting was determined after cuttings had been in the propagation 
chamber 30 days. The experimental design was completely random- 
ized. 

Sex of Dioecious Atriplex 
Cuttings were collected from male and female fourwing saltbush, 

cuneate saltbush, and shadscale plants. Collection dates and locations 
are listed in Table 1. There were 5 plants per sex and 50 cuttings per 
plant except on the January, 1977, collection date for fourwing 
saltbush, when 20 male and 20 female plants were collected. After 
collection, cuttings were treated as stated above. 

Hormone Concentration and Interaction with Season of Collection 
Fifty cuttings per treatment per plant from 5 shadscale, 10 fourwing 

saltbush, and 4 spiny hopsage plants were collected from the vicinity 
of Bonanza, Utah, in March, 1977, and treated with various concen- 
trations (0, 0.1, 0.3, 0.8, 2.0%) of IBA in talc powder. In addition, 
four-wing saltbush cuttings collected the previous December and the 
following August were also treated with the same range of IBA 
concentrations. There were 50 cuttings from each of 5 plants per 
treatment used in December and August. General propagation techni- 
ques were as stated above. 

Effects of Length of Cutting and Stem Portion Used 
Three lengths (6 cm, 9 cm and 12 cm) of stem cuttings were taken 

from a greenhouse-grown four-wing saltbush clone (a group of 
genetically identical plants previously propagated from stem cut- 
tings). Three replicates of seven cuttings per length were treated by the 
propagation techniques stated above. 

The long leaders of the above clone were cut into top, middle, and 
bottom portions, all 8 cm long. Five replicates of seven cuttings for 
each portion were treated by the genera1 techniques stated above. 

Greenhouse-Grown vs. Field-Collected Cuttings 
In several preliminary trials greasewood cuttings rooted poorly if at 

all. To determine whether rooting of cuttings could be improved by 
modifying the environment under which donor plants were grown, 
greasewood cuttings were collected from plants in the field and in the 
greenhouse on two dates. There were 105 field-collected cuttings and 
84 greenhouse-collected cuttings on March 24, 1976, and there were 
168 field-collected cuttings and 133 greenhouse-collected cuttings on 
January 7, 1977. The cuttings were treated with 2.0% IBA powder 
(most effective concentration in preliminary experiments) and were 
handled by the genera1 propagation techniques outlined above. Cu- 
tings were examined for root initiation after 40 days in the propagation 
chamber. 

100 - 

1976 1977 
0 ’ ’ ’ ’ * ’ ’ ’ ’ + ’ . . . ’ ’ . 

MAMJ JASONDIJFMAMJJA 
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Fig. 1. Percent rooting oj stem clrttings offowwing sulthlrsh anti clrneute SC&- 
hrrsh collected ut different times oj the year. Cllttings w’ere treutett with 0.3% 
IBA . 

Results and Discussion 

Season of Collection 
Greatest rooting percentages of fourwing saltbush and cune- 

ate saltbush occurred in spring and 
percentages were lowest in the fall 

summer, 
(Fig. I). 

while rooting 
The seasonal 

difference in rooting is most striking with fourwing saltbush. 
The seasonal rooting response of these two saltbush species 
differs from that of big sagebrush (Artemisia tridentata). Big 
sagebrush produced peak rooting percentages in late winter, but 
adventitious root formation was much reduced after the onset of 
growth in the spring (Alvarez-Corder0 1977). 

Although temperature of the rooting medium was maintained 
at 2 1 “C throughout the experiment, photoperiod and greenhouse 
air temperatures varied seasonally. Thus it was not possible to 
completely separate the effects of field and greenhouse environ- 
ment. However, the conditions of the experiment are typical of 
those conditions that will be used by people attempting to 
propagate the above species, and the data provide a guide for the 
best times to collect cuttings from the field. The optimum time 
for collecting cuttings from these saltbush species may be 
expected to vary slightly depending on elevation and latitude. 

In general, highest rooting percentages of fourwing and 
cuneate saltbushes can be expected in the period just following 
the cessation of rapid spring vegetative growth before fall 
dormancy occurs. The period from bud swelling through rapid 
vegetative growth is the next most favorable for rooting of stem 
cuttings, followed by the late winter time during which any 
chilling requirement to break dormancy have probably already 
been met. Poorest rooting is expected during the earlier stages of 
dormancy in late fall. A few trials with other saltbush species 
(A triplex gardrleri, A. cmjsrtijoliu and A. cwrrrrgata) suggest 
that they follow seasonal patterns similar to fourwing and 
cuneate saltbushes in their rooting responses. Other plant 
(‘enera (e.g. Artemisia) may differ from Atriplex in seasonal 
zbility of stem cuttings to initiate adventitious roots, and the 
optimum season for collection and rooting of their cuttings must 
bc determined separately. 

Sex of Dioecious Atriplex 
Four separate trials with tourwing saltbush and two trials with 

shadscale indicate that the ability to form adventitious roots on 
stem cuttings is not related to the sex of these two species (Table 
1). The initial trial with cuneate saltbush, collected October 23, 
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Table 1. Percent rooting of three saltbush (Atriplex) species as affected by sex of stem cuttings. 

Collection Sex’ 
Over-all 

date Species Location Male Female mean 

1 O-22-76 A. canescens Bonanza 18.8 19.6 19.2 
l-7-77 A. canescens Bonanza 28.3 29.1 28.7 
3- 18-77 A. canescens Wildcat Mesa 6.7 12.0 9.4 
3-20-77 A. canescens Bonanza 36.0 31.2 33.6 

1 O-23-76 A. confertifolia Wildcat Mesa 20.7 25.4 23.1 
12-4-76 A. confertifolia Wildcat Mesa 58.9 60.2 59.6 
1 O-23-76 A. cuneata Pete Steele Bench 54.6* 18.6* 36.6 
1 l-23-76 A. cuneata Bonanza 12.4 7.2 9.8 
3-18-77 A. cuneata Wildcat Mesa 40.3* 72.0* 56.2 

’ Means of 5 plants per \ex, 50 cuttings per plant treated with 0.3% IBA powder except for A. canescens on l-7-77, when 20 plants per sex were collected. 

Range 

O-76 
O-90 
O-28 
O-76 
4-54 

30-72 
4-72 
O-26 

14-84 

Difference between sexes significant at .05 level. 

1976, from Pete Steele Bench, resulted in significantly greater nursery to supply stem material for large scale propagation 
rooting percentages for cuttings from male than from female efforts. This practice has been used at Utah State University to 
plants (Table 1). However, cuttings of female plants had signi- provide a reliable source of genetically uniform plant materials 
ficantly greater rooting percentages than cuttings of male plants for laboratory studies. No easily identifiable physical character- 
collected March 18, 1977, from Wildcat Mesa, only a few miles istics have been found yet to allow selection of easily rooted 
from Pete Steele Bench. A third trial with cuneate saltbush plants in the field. At present it is necessary to test the rooting 
collected from Bonanza on November 22, 1976, indicated no ability of stems of individual plants on the propagation bench 
difference in rooting between sexes. and to save the best rooting plants. 

In the course of performing the above experiments, it became 
evident that individual plants within a given population of a 
species may differ considerably in percent of cuttings initiating 
roots. This is demonstrated by the sometimes great range of 
percent rooting values (Table 1). For example, the mean rooting 
percentage for 40 fourwing saltbush plants collected January 7, 
1977, was 28.7, but certain individual plants rooted as high as 
90% and many had less than 20% of the cuttings initiate roots. 
Such data suggest that it is possible to select easily rooted 
individuals from a plant population and establish clones in a 

Hormone Concentration and Interaction with Season of Collection 

In March, rooting percentages of spiny hopsage, shadscale, 
and four-wing saltbush cuttings were increased above those in 
the control treatments by all hormone concentrations applied 
(Fig. 2). Treatment with 0.3% IBA in talc powder appeared to 
be near optimum for adventitious root formation on shadscale. 
Concentrations above 0.3% reduced percent rooting of shad- 
scale slightly, but no effects on root development, after initi- 
ation, were observed. Concentrations of IBA from 0.3% to 
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Fig. 2. Rooting response of shadscale, fourwing saltbush, and spiny hopsage 
cuttings treated with various concentrations of IBA. Cuttings were collected 
irl March, 1977. 
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Fig. 3. Eflect of date of collection on response of fourwing saltbush cuttings 
to various IBA concentrations. 
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Table 2. Rooting percentage of greenhouse-grown fourwing saltbush as 
affected by length of cutting and portion of new leader used. 

Time in Length of stem cutting ‘l’j 
rooting chamber 6cm 9cm 12cm 

7 

-I weeks 
weeks 33.8 a 47.6 b 71.4c 

43.9 ab 61.9bc lOO.Od 

Portion of leade??” 

2 weeks 
4 weeks 

Top 

7.9w 
” 9x __. 

Middle 

73 9x __. 
45.7y 

Bottom 

4o.oy 
60.02 

’ Xlcam of 3 rcpllcation\ of 7 cutting\. 0.3% IBA. 
’ hIcan\ ot 5 replicatum\ of 7 cutting\, 0.3% IRA. 
’ L’~lua ulthtn experiment t’ollowed by the same letter do not differ ~igntficantly at the 

05 IC\Cl. 

2.0% were equally effective in inducing rooting of spiny 
hopsage cuttings. A concentration of 2.0% IBA was only 
slightly more effective than a concentration of 0.8% IBA for 
promoting root initiation in fourwing saltbush. 

The date of collection affected the rooting response of 
fourwing saltbush to hormone treatment (Fig. 3). Treatment of 
stem cuttings with IBA was required for any adventitious root 
initiation in December and March. The effectiveness of the 
hormone treatments was very limited in December but increased 
in March. In August, near the optimum time for collecting 
cuttings of fourwing saltbush, rooting exceeded 60% without 
hormone treatment, but treatment with 0.8% IBA still increased 
rooting an additional 20%. Date of collection of fourwing 
saltbush cuttings appears to be more important to rooting 
success than whether or not the cuttings are treated with IBA, 
because even with hormone treatments, rooting percentages in 
December and March were less than for untreated cuttings in 
August. 

Effects of Length of Cutting and Stem Portion Used 
Longer cuttIn@ of fourwing saltbush rooted better than 

shorter cuttings (Table 2). In an effort to produce the maximum 
number of rooted cuttings from a given amount of stem material 
it may be tempting to make the cuttings short. However, this 
practice may not achieve the desired result. Based on the 4-week 
data (Table 2) and using the same amount of total stem material, 
fifty 12 cm long cuttings would yield 50 rooted cuttings, while 
one hundred 6 cm long cuttings would yield 43 rooted cuttings. 
The larger cuttings also produced more vigorous plants. The 
growth habit of the plant and environmental conditions under 
which the plants were grown will determine the size of cuttings 
(length of leaders) that can be obtained, but for best results 
cuttings should probably be at least 8 cm long. 

The woodier bottom portions of new fourwing saltbush 
leaders rooted better than the more herbaceous tips (Table 5). 
These results differ from those of Nord and Goodin (1970); 
however, their use of intermittent mist may have been more 
favorable for rooting of herbaceous material. Basal portions of 
leaders must be used for shadscale and some other spines- 
cent shrubs since no secondary shoot growth will occur from the 
tip portions which loose their leaves and become spines. 

Greenhouse-Grown Vs. Field-Collected Cuttings 
Greasewood cuttings collected on March 24, 1976, and 

January 7, 1977, from greenhouse-grown plants rooted 40% 
and 32%, respectively, while field-collected cuttings on those 
dates rooted only 0% and 7%, respectively. Clearly, the 
environmental conditions experienced by the donor plants affect 
rooting of cuttings. Vegetative propagation of plants, such as 
greasewood, that have generally proved difficult to propagate 
by stem cuttings may be improved when these plants are grown 
in a nursery situation. Yearly variations in precipitation and 
temperature may also produce variations in the ability of stem 
cuttings to root. 

Differences in environment may at least partially explain the 
significantly (.05 level) lower percent rooting of fourwing 
saltbush stem cuttings collected March 18, 1977, from Wildcat 
Mesa in southeastern Utah than of cuttings collected March 20, 
1977. from Bonanza in northeastern Utah (Table I). The winter 
of 1976-77 was generally dry, but the drought was much more 
severe on Wildcat Mesa than at Bonanza. However, genetic 
differences between populations may also be a contributing 
factor. Both fourwing saltbush populations were in approxi- 
mately the same phenological stage (i.e. just beginning spring 
growth) at the time cuttings were collected. 
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Emergence and Survival of Honey Mesquite 
Seedlings on Several Soils in West Texas 

DARRELL N. UECKERT, LYNNE L. SMITH, AND B.L. ALLEN 

Abstract 

Results from field and laboratory studies indicated that ger- 
mination and emergence was adequate on soils that supported 
heavy densities, low densities, or no mesquite for establishment of 
dense populations of honey mesquite. Absence of honey mesquite 
or low densities of this species on soils where seeds are readily 
deposited by natural mechanisms could not be explained by soil 
chemical or physical properties that might inhibit seed germina- 
tion or emergence of seedlings. In field studies, seedling emergence 
was not related to the density of honey mesquite presently growing 
on six range sites. At the end of the first growing season and at 1 
year after planting, seedling survival was inversely related to 
density of honey mesquite. Two years after planting, seedling 
survival was not related to density of mesquite supported by the six 
soils. In this short-term study, competition with associated 
herbaceous vegetation overshadowed the effects of soil properties 
on survival of honey mesquite seedlings. 

Honey mesquite (Prosopis glandulosa Tort-. var. glandulosa) 
increases in abundance and invades certain range sites by means 
of seeds, which are transported by herbivores, wind, and water 
(Scifres and Brock 1970b). It is common, however, to see 
different soils within a pasture and under similar management 
supporting varying densities or no honey mesquite. The inter- 
actions of soil and other environmental factors on germination, 
emergence, and seedling establishment of honey mesquite are 
not well defined. An understanding of the factors which regulate 
infestation and reinfestation of rangeland by honey mesquite is 
needed by range managers for efficient management of this 
resource, and for wise planning of mesquite-control programs. 
This study was initiated to compare honey mesquite emergence 
and seedling establishment on several soils which support 
varying densities of this plant, and to attempt to determine if 
certain soil factors are inhibitory to emergence or survival of this 
plant. 

Box ( 196 1) reported that in the Texas Coastal Plains dense 
stands of running mesquite were usually associated with ex- 
tremely fine-textured soils with slow permeability, poor drain- 
ac’t’. and poorly aerated profiles (low porosity). He found that c‘ 
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mesquite canopy cover was greatest on soils high in clay 
content, while mesquite density was greatest on clay loam sites. 
In a mesquite-buffalograss community, Box reported positive 
correlations of mesquite cover with litter and with soluble salts 
at 36 to 61 cm, and negative correlations with soil organic 
matter at 9 1 to 107 cm and with potassium at 9 I to 107 cm. 
Mesquite cover in a chaparral-bristlegrass community was 
positively correlated with chlorides at 0 to 15 cm and with 
potassium at 46 to 61 cm. In a pricklypear-shortgrass com- 
munity mesquite cover was positively correlated with phos- 
phorus at 91 to 107 cm, and negatively correlated with soil 
organic matter at 46 to 6 1 cm. 

Thomas and Young (1954) reported that in the western 
Edwards Plateau of Texas mesquite was more abundant on 
Tobosa clay soils than on four other associated soil series in their 
study area. The Tobosa soils occurred between the high swells 
and ridges (Ozona and Valera soils) and dry lake beds (b-ion and 
Randall soils) and were moderately deep and clayey with 
heavier subsoils and less permeability than was found on the 
swells and ridges. Drainage on the Tobosa soils was slow, but 
water rarely stood on these soils after rains. 

Welch ( 1968) reported that soil texture was the primary factor 
affecting mesquite distribution. He reported that mesquite 
seedlings could withstand soil moisture extremes and could 
survive severe drought if available moisture was reduced 
slowly. 

Hudnall ( 197 1) reported that whole soil soluble sodium was 
negatively correlated with honey mesquite canopy cover on 
moderately deep to deep calcareous soils on the High Plains of 
West Texas, while soil structure was positively correlated. He 
also found that CaCOa content in the A horizon and whole soil 
soluble Ca were significant in explaining variation in canopy 
cover of mesquite. For nonsaline soils, Hudnall reported that % 
clay in the A horizon, soluble Ca in the A horizon, and whole 
soil I j-bar moisture percentage explained most of the variation 
in honey mesquite canopy cover. Hudnall reported that honey 
mesquite density increased as soil maturity (judged by structural 
development, redistribution of CaCO:,, and horizonation) 
increased. He found high densities of mesquite on medium 
textured soils. while soils with low densities of mesquite or 
without mesquite tended to have extremes of sand or clay. 

Methods 

There were two aspects of this study: a laboratory study of seedling 
emergence and a related study of seedling emergence and survival in 
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the field. Three locations studied by Hudnall (197 I) were used in this 
study: (i) the Morgan Ranch, Andrews County, Texas; (ii) the Post- 
Montgomery Estate, Lynn County, Texas; and (iii) the 23 Ranch, 
Lynn County, Texas. These ranches were selected for study because 
different soil types within close proximity supported either low or high 
densities of honey mesquite or were void of honey mesquite plants. 
Soils from all three locations were used in the laboratory study. The 
two locations in Lynn County were used for the field study. 

Laboratory Study 
The objective of the laboratory study was to determine the ability of 

mesquite to germinate and emerge under optimum conditions in soils 
supporting high densities, low densities, or no mesquite in the field. 
Soil samples were taken from the upper 30-cm increment, which was 
within the upper two horizons at all sites. At each of the three locations 
there were three levels of mesquite density: high density, low density, 
and no mesquite. Three bulk samples of soil from each honey mesquite 
density level were collected, thoroughly mixed, and used in the 
laboratory study. Soil types sampled within each location are shown in 
Table I. 

Table I. Properties of selected soils of West Texas (weighted for the upper 
JO-cm increment) that were highly correlated with emergence of honey 
mesquite seedlings (from Hudnall 1971). 

Ranch and soil type 
Mesquite Soluble 
density pH Mg++ 

Estimated 
structure 

‘7c silt grade 

Morgan Ranch 

Ratliff loamy 
fine sand 

Portales fine 
sandy loam 

Blakeney fine 
sandy loam 

Post-Montgomery Ranch 

Arch clay loam 
Veal fine 

sandy loam 
Portales fine 

4ancly loam 

?S Ranch 

Drake sandy clay 
Veal fine 

sandy loam 
Portales clay loam 

none 

low 

high 

none 

low 

high 

none 

low 
high 

7.9 3.2 4. I 1.21 

7.8 1.8 10.3 2.3.3 

7.9 0.7 I I.2 2.33 

8.0 3.3 ” 6 --. I .29 
7.9 0.8 10.5 I .oo 

7.4 1.5 17.9 ‘.I7 

7.7 Il.2 
8.0 2.5 

7.9 3.6 

9.2 I .50 
IO.7 I.35 

28.6 4.00 

In the laboratory, 8 I9 mesquite seeds that had been mechanically 
threshed and scarified (Flynt and Morton 1969) were planted at a depth 
of I .5 cm in the mixed soil samples from each mesquite density site. 
The germination and emergence trial was conducted under growth 
lights with a I 2-hr photoperiod at a mean temperature of 30.5”C 
(87°F). Soil water content was maintained near field capacity and the 
seedlings were counted 7 days after the planting date for calculating 
emergence percentages. Differences between mesquite density sites 
within a location for total numbers of seedlings emerging were 
determined by Chi-square analyses. Variation in emergence within the 
soil was not evaluated. We selected soil properties (weighted for the 
upper 30 cm) (independent variables) for these nine soils (from 
Hudnall 1971) that we felt could affect germination and emergence 
(dependent variable). The independent variables included: ph, % 
CaCO,,, % gypsum, % saturation, electrical conductivity mmhos/- 
cm), soluble Cai++ (meq/l), soluble Mg++ (meq/l), soluble K+ 
(meq/l), soluble Na+ (meq/l), % sand, % silt, % clay, % available 
water at ‘/3 Bar, % available water at I5 Bar, inches of available water, 
total stress at M Bar, total stress at I5 Bar, and estimated structure 
grade. Hudnall ( I97 I ) has discussed the general plant relationships for 
each of these variables. The data were’analyzed by linear stepwise 
multiple regression (Snedecor and Cochran 1967) to determine the 

relationship of emergence of honey mesquite seedlings with these soil 
properties. Only those soil properties that were highly correlated with 
honey mesquite emergence, and which were linearly independent, 
including pH, soluble Mg +, % silt, and estimated structure grade (all 
weighteLl ftir the upper 30 cm), were used in the final analysis (Table 
1). 

Field Study 
The field study was conducted at the 2S and the Post-Montgomery 

Ranches, in Lynn County, Texas. The objectives of the field study 

were to compare emergence in the field with that in the laboratory and 
to compare seedling survival of honey mesquite in soils supporting 
various densities of mesquite, in the presence of competition from 
existing vegetation. On April I3 and 14, 1972. 36 mechanically 
shelled and scarified mesquite seeds were planted l5-cm apart and 
1.5-cm deep in each of 14 rows on 30-cm spacings within each of the 
three mesquite density sites (500 seeds per site) at the two locations. 
The native vegetation was not disturbed. The planted areas were 
fenced with 4-cm mesh wire and barbed wire to minimize damage to 
seedlings by livestock, rodents, and lagomorphs. 

Seedlings were counted on May I8 and emergence percentages were 
calculated. On August 2, 1972, May 21, 1973, and May 14, 1974, the 
live seedlings were counted on each site and percent survival was 
recorded. 

Differences between mesquite density sites within each location for 
total numbers of seedlings emerging and for total numbers of live 
seedlings on each date were determined by Chi-square analyses. 
Variation in seedling emergence and survival within mesquite density 
sites was not evaluated. 

Results and Discussion 
Laboratory Study 

Emergence of honey mesquite seedlings was significantly 
higher in soils that supported either no mesquite or low densities 
of mesquite than in soils that supported a high density of 
mesquite (Table 1). Differences in emer~t~rlce het\\rcen \oils 
supporting various densities of mesquite, although statistically 
significant (P<O.Oj), were very small andare not believed to be 
of biological or ecological importance. However, these data 
indicate that soil physical or chemical properties that inhibit 
<Termination or emergence of honey mesquite were not present c’ 
in any of the nine soils studied. In years of sufficient precipita- 
tion. germination and emergence should be adequate on all of 
the sites studied to pemlit the establishment of honey mesquite. 

Table 1. Percent emergence of honey mesquite in laboratory trials in soils 
supporting three densities of mesquite at three locations in West Texas. 

Location 

Morgan Ranch 

Post-Montgomery Ranch 

2S Ranch 

Soil type 
Mesquite Percent 
density emergence 

Ratliff loamy 
fine sand 

Portales fine 
sandy loam 

Blakeney fine 
sandy loam 

Arch clay loam 

Veal fine sandy 
loam 

Portales fine 
sandy loam 

Drake sandy clay 

Veal fine sandy 
loam 

Portales clay 
loam 

low 

high 

none 

low 82.2a 

high 

none 

low 

high 

It‘ttc‘n ;Irc’ 

86.4 a’ 

81.8 b 

80.6 b 

80.0 ab 

77.9b 

86.3 a 

86.1 a 

82.3 b 

ttitttxnt 
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Stepwise multiple regression indicated that mesquite seedling 
emergence increased as pH and concentration of soluble Mg+ 
increased, and decreased as the proportion of silt in these nine 
soils increased. However, the equation’ was not considered to 
be. of value because of the narrow range in emergence percen- 
tages attained (Table 2) under the optimum conditions utilized 
in the laboratory study. 

Field Study 
In the field study, emergence and seedling survival varied 

between sites within both locations. At the Post-Montgomery 
Ranch, emergence was the greatest (47%) on the Portales fine 
sandy loam which supported a high density of mesquite, and 
lowest (I 7.4%) on the Veal fine sandy loam, which supported a 
low density (Table 3). The Arch clay loam, which was void of 
mesquite, supported an intermediate level of emergence 
(40.6%). At the 2s Ranch, seedling emergence was highest 
(45.2%) on the Drake sandy clay, which was void of mesquite, 
and lowest (34.2%) on the Veal fine sandy loam, which 
supported a low density of mesquite. Emergence was inter- 
mediate (38.8%) on the Portales clay loam, which supported a 
high density of mesquite (Table 3). These results did not show 
the same trends for emergence as were seen in the laboratory 
study (Table 2). 

Precipitation and temperatures were adequate at both field 
locations for germination of honey mesquite seeds during the 
spring of 1972. Sites within each location were in close 
proximity (within 0.8-km radius), thus precipitation did not 
vary significantly between sites. The two ranches were also in 
close proximity (within 19-km radius), thus temperatures were 
similar between locations. Scifres and Brock (1970a) have 
demonstrated that honey mesquite seeds germinate most 
favorably at 29~5°C and reported that soil temperatures usually 
reach 25.6”C to 26.7”C in the upper IO cm (4 in) around April 5 
to 24 on the High Plains of Texas. Thus the requisites for honey 
mesquite germination would be met when spring rains occur 
during this period. Our field data substantiate the results from 
the laboratory study, that soil physical or chemical properties 
that inhibit germination or emergence of honey mesquite were 
not present in the soils studied. Emergence was adequate on all 
six sites for establishment of dense populations of honey 
mesquite. Under field conditions, the level of honey mesquite 
seedling emergence was not related to the density of mesquite 
presently supported on these six soils. Variation in percent 
emergence of honey mesquite seedlings between sites was not 
related to cover of existing vegetation, thus it is not felt that an 
interaction of plant cover with soil temperatures affected 
germination or subsequent emergence, although data on soil 
temperatures were not taken. 

Drought conditions prevailed during most of the growing 
seasons of 1972, 1973, and 1974; thus conditions for mesquite 
seedling establishment and survival were sub-optimal at the six 
sites studied. These conditions provided an excellent oppor- 
tunity to study the survival of honey mesquite seedlings during 
drought conditions. At the end of the 1972 growing season (4 
months post-planting) and at the beginning of the 1973 growing 
season ( I3 months post-planting), seedling survival followed a 
similar trend at both locations, with survival being highest on 
the sites void of mesquite, intermediate on sites supporting low 
densities of mesquite, and lowest on sites supporting high 
densities of mesquite (Table 3). 

’ The repression equation, Y = 26.-10 + 7.35 X! + 0.51 X, - 0.2 I X,,, where X, = pH; X, 
= ~~luble Mg++; and X,, = % silt (all weighted tor the upper 30 cm), accounted for 77% of 
the LariatIon (R = 0.88) (PCO.05) in emergence of honey mesquite seedlings. 

Table 3. Percent emergence and percent survival of honey mesquite 
seedlings in field studies on six mesquite density sites at two locations in 
Lynn County, Texas. 

Location 
Mesquite Percent Percent seedling survival’ 
density emergence Aug., 1972 May, 1973 May 1974 

Post-Montgomery none 4O.ha’ 37a 34a 5a 
Ranch 

low 17.4b 29 ab 70 ab 17b 
high 47.oc 34b 14b 5a 

1s Ranch none 45.3a 48a 13a 4a 
low 34.3 b 36b 4b 2 ab 
high 38.8 b 3C oc Ob 

’ \‘;~lue\ within a column for each location followed by similar letters are not significantly 

dlttercnt at the 5% significance level. 
L Ba.scd on number of \eedlinps that emerped. 

Only 3% of the mesquite seedlings survived their first 
summer on the Pot-tales clay loam soil (supporting a high density 
of honey mesquite) at the 2s Ranch, and all of the seedlings had 
died on this site by the beginning of the 1973 growing season 
(Table 3). At 13 months post-planting, seedling survival was 
still significantly higher on the 2s Ranch site void of mesquite as 
compared to the site supporting a low density of mesquite. At 25 
months post-planting the trend was similar, but the difference 
was not significant. This trend held for the three sites at the Post- 
Montgomery Ranch at 13 months post-planting, but at 25 
months post-planting survival was significantly higher on the 
low-density mesquite site than on the other two sites. Seedling 
survival was equal on the Post-Montgomery Ranch site void of 
mesquite and that supporting a high density of mesquite at 25 
months post-planting (Table 3). 

We believe that the effect of existing herbaceous vegetation 
on the sites studied overshadowed the effects of soil properties 
on survival of honey mesquite seedlings during this field study; 
thus regression analyses to relate emergence and survival in the 
field with soil properties were not conducted. The site sup- 
porting a high density of mesquite at the 2s Ranch was also 
supporting a dense stand of tobosagrass (Hilaria mutica) (Table 
4). We believe that the high mortality of young mesquite 
seedlings on this site resulted from competition with this very 
drought-tolerant mid-grass. Similarly, the low survival of 
seedlings on the site supporting high densities of mesquite on 

Table 1. Cover ratings for 
(from Hudnall 1971). 

major six sites in Lynn County, Texas 

Aristidn spp. I’ 3 
Bothriochloa saccaroides 1 
Bouteloua curtipendula 1 2 
Bouteloua eriopoda 3 
Bouteloua gracilis 5 2 3 3 I 
Buchloe daqloides 3 3 3 2 1 
Distichlis stricta -i 
Hilaria mutica \j 
Patvicum obtusurn I 
S~.llecionnarttuspaniculatus 3 
Sporobolus airoides h I I 
Tritlens pilosus I 
Corrdalia obtusijolia I 

Y~c.tr glauca 3 
Crototi pottsii 
Atriplex canescem 

’ I = I -.i’,r. .? = l>-lo’f: i= II-20; 4 = ‘I-iO%; 5 = 31-W/(: (1 = 5l-75% 
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the Post-Montgomery Ranch was possibly due to competition 
for soil moisture from the dense stand of buffalograss (Buchloe 
clmtyloides) and blue grama (Boutefoua gracilis) (Table 4). 
Scifres and Brock ( 1970b) reported that honey mesquite seed- 
ling survival was greater in tobosagrass rangeland than in 
buffalograss rangeland at 2 months post-planting on experi- 
mental plots near Spur, Texas. Differences in precipitation 
between years could possibly account for this discrepancy 
between the two studies. 

Periodic short-term and long-term droughts are common in 
this region of the southern Great Plains. Honey mesquite seed 
undoubtedly germinate readily and emerge in most soils of this 
region when spring rains occur. We feel that competition from 
exisiting herbaceous vegetation plays a major role in limiting 
the establishment of honey mesquite seedlings during short- 
term drought. However, during long-term droughts when 
density and vigor of herbaceous vegetation are severely re- 
duced, mesquite seedlings may readily become established on 
many soils in the absence of competing vegetation. The 
subsequent survival of these seedlings is determined by the 
availability of soil water, which is a function of numerous soil 
properties, as well as competition from associated vegetation. 
Native rodents, insects, and low winter temperatures are also 
important factors influencing survival of mesquite seedlings 
(Paulsen 1950). 

Conclusions 

Germination and emergence of honey mesquite seedlings is 
probably adequate on most rangeland soils in the southern High 
Plains of Texas, where a seed source is present, in years of 
adequate spring and summer rainfall, to permit the establish- 
ment of dense populations of this plant. However, soil factors, 

such as available water, and ecological factors, such as compe- 
tition, probably result in moisture stress and subsequent seed- 
ling mortality on many soils, which may explain why some 
range sites have no mesquite or low densities of mesquite. 

Competition with existing herbaceous vegetation may over- 
shadow the effects of soil properties on seedling survival during 
some years. Thus, during short-term droughts a good stand of 
grass seems to play a major role in limiting the establish- 
ment of honey mesquite seedlings. 
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Control of Saltcedar by Subsurface Placement 
of Herbicides 

E.B. HOLLINGSWORTH, P.C. QUIMBY, JR., and D.C. JARAMILLO 

Abstract 

A root plow modified for deep subsurface placement of herbi- 
cides effectively controlled saltcedar (Tamarix ramosissima 
Ledeb.). One operation, preferably in the spring, which severed 
the tap root 35 to 60 cm below the soil surface and simultaneously 
applied any of several herbicides at the same depth increased 
saltcedar kill by more than 100% over that of root cutting alone. 
Residual herbicides, including uracils, substituted ureas, 2,3,6- 
TBA, picloram, dicamba, and karbutilate, applied with the root 
plow consistently controlled saltcedar with a single treatment. 
Phenoxy herbicides showed initial activity against saltcedar but 
did not persist long enough to satisfactorily kill late sprouting, 
previously quiescent buds. Two arsenicals and dichlobenil were 
ineffectivp for saltcedar control. 

Saltcedar (Tumarix spp.) originally attracted attention 
through its rapid invasion of channels and floodplains of streams 
in the southwestern United States. Robinson (1965), Case 
( 1969) and Horton et al. (1976) reported details of this invasion, 
the disadvantages of saltcedar, and early organized efforts 
directed at its control. Long-term control required repeated 
chemical and mechanical treatments. Foliar sprays usually 
defoliated and often killed the aerial parts of saltcedar but 
seldom killed the root system. Bud resprouting and plant 
survival after chemical or mechanical control efforts were 
common because of poor basipetal translocation of herbicides, 
deep extensive root systems, and resistant root crown buds. 
Occasionally, resprouting was delayed for 12 to 24 months after 
treatment. This delayed recovery often led to false reports of 
good chemical control during early studies because the inves- 
tigator did not allow sufficient time before making a final 
evaluation of saltcedar control. 

Field observations supported by greenhouse studies (Quimby 
et al. 1977) indicate that herbicides available to the roots are 
readily assimilated and translocated in saltcedar. Compounds 
that are ineffective as foliar sprays often provide permanent 
control where available through the roots. However, soil and 
climatic conditions in the arid southwest may prevent soil- 
applied herbicides from reaching the root zone. In addition, 
saltcedar has a deep, active root system near the water table but 
usually has relatively few active, sorptive roots near the surface 
where the herbicides are likely to remain because of limited 
leaching. Partially buried stem segments of saltcedar following 

At the time ofthe study. the authors were botanist, plant physiologist, and agricultural 
rc\c.nxh technlcian. Science and Education Administration. Federal Research. U.S. 
Department of Agriculture, Middle Rio Grande Branch ExperimentStation, New h;Iexico 
State Univer\lty. Los Lunas 8703 I. 

Holling\worth and Quimby are presently with the Southern Weed Science Laboratory, 
SEA-FR. U.S. Dep. of Agri., Stoneville, Miss. 38776. Jaramillo is presently biological 
laboratory technician, Annnal Parasite Research Laboratory, SEA-FR. U.S. Dep. Agr., 
Alhuqucrquc. N.M. 87 103. 

Treatment 

Herbicide 

Monuron 
Diuron 
Picloram: 2,4,5-T ( 1:4) 
Dicamba 
2.4-D Alk 
None (root-plowed check) 

Control (% kill) 

Uncut strip 
Rate Root-plowed between 

(kg/ha) swath’ swaths 

5.6 IOOa 50 
5.6 98 a 80 
4.5 95 a 50 
9 92a 15 
9 88a 0 
- 54b 0 

The report represents cooperative investigations of the SEA-FR, U.S. Dep. Agr., and 1 Based on count of 300 plants per plot in duplicate per treatment; means followed by 

the Nw ~lc\~co +gr. Exp. Sta. a letter in common are not significantly different at the 0.05 level of probability 
Xhuwxpt received November 23, 1977. according to Duncan’s multiple range test. 
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attempts at mechanical control take root readily in moist soil, 
increasing survival capability. 

Twenty years after the first large-scale attempt to control 
saltcedar, the problem of getting phytotoxic amounts of herbi- 
cides into saltcedar plants had not been solved. Since natural 
conditions were not favorable for getting adequate amounts of 
herbicides into the deeper root zone, a mechanical injection 
method was sought. Development of a method for deep place- 
ment of herbicide, utilizing a standard root plow, was initiated 
in 1969. Modification of the equipment and the method have 
been described by Hollingsworth et al. (1973). Briefly, the 
operation involves cutting the tap root of saltcedar at a selected 
depth and simultaneously applying a herbicide with a spray 
boom attached to the rear edge of the plow blade. The remaining 
active roots in or immediately above the layer of herbicide 
readily absorb it. 

The objective of this study was to determine the response of 
saltcedar, specifically Tumarix ramosissima Ledeb., to a 
variety of herbicides applied by the root plow injection method. 

Materials and Methods 

Herbicides were applied with either a 1.22 or 2.44-m wide root 
plow. All treatments were duplicated and the data were subjected to 
analyses of variance for a randomized complete block design. Means 
were compared by Duncan’s multiple range test at the 95% level of 
probability. 

The fist experiment was established on the Cimarron River flood- 
plain near Ashland, Kansas, on June 19, 1969. The area consisted of 
mildly saline, subirrigated, moderately well-drained sandy loam soil. 
The water table was 72 to 96 cm deep and regrowth saltcedar from 
established root crowns averaged 3 m tall. The average annual rainfall 
is about 56 cm and rainfall between June 19 and October 22 was 42 

Table 1. Percentage saltcedar killed 28 months after application of 
herbicides at an average depth of 50 cm by the root-plow method in June 
1969, Cimarron River floodplain near Ashland, Kansas. 
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cm. The 2.44-m wide plow blade was operated at a depth of 50 cm in 
0.2 ha plots and the herbicides were applied in 900 liters/ha of water. 
The percentage of saltcedar kill was determined 28 months after 
treatment by counting 300 plants per plot within the plow swaths and 
comparing live and dead plants. In addition, all plants were counted in 
several uncut narrow strips between plow swaths and the percentage 
plant kill determined. Statistical analysis was not performed on the 
data from uncut strips. 

A second experiment was established on the Rio Grande floodplain 
near Bernardo, New Mexico, on July 30, 1970. The sandy clay loam 
was highly saline and poorly drained. Regrowth from the crowns of 
saltcedar that had been burned or mowed periodically for several years 
ranged from 1.5 to 2 m tall. The water table was 48 to 72 cm deep and 
the 1.22-m wide plow blade was operated 30 to 40 cm deep. The 
herbicides were applied in 900 liters/ha of water to O.Ol-ha plots. An 
estimate of the percentage of treated plants showing regrowth was 
made periodically. Two of these observations, 2 and 12 months after 
treatment, are shown in Table 2. Five years after treatment, the 
surviving plants in each plot were counted and compared with the total 
number of plants at the time of treatment (Table 2). 

Table 2. Saltcedar regrowth within 1 year and percentage plants killed 5 
years after application of herbicides at an average depth of 35 cm by the 
root-plow method in July 1970, Rio Grande floodplain, Bernardo, New 
Mexico. 

Herbicide 

Treatment Regrowth’ (%) 

Rate 2 12 Control* (% kill) 
(kg/ha) months months after 5 years 

Bromacil 
Dichlobenil + picloram 
Terbacil 
Dichlobenil + dicamba 
Monuron 
2,3,6-TBA 
Picloram + dicamba 
Dicamba 
Picloram + amitrole 
Dichlobenil 
Silvex PGBE 
2,4-D Alk + 2,4-D PGBE 
Silvex K-salt 
None 

Root-plowed check 
Unplowed check 

11 75 8 99a 
5+5 25 4 98a 

11 75 8 98 a 
5+5 15 3 97a 

11 85 18 95a 
11 30 15 91 a 

5+5 20 4 90a 
11 45 20 90a 

5+5 45 5 89a 
11 40 38 85 ab 
11 45 25 83 ab 

5+5 25 25 80 ab 
II 40 28 79 ab 

- 70 
100 

47 65 b 
100 oc 

’ Tuo VIW~I estimates for each treatment, hence no statistical analysis. 
? Based on count of total plants per plot in duplicate plots per treatment: means followed 

t-q a letter In common are not significantly different a the 0.05 level of probability 

xcordlng to Duncan’s multiple range te\t. 

A third experiment was established on the Rio Grande floodplain 
near Bernardo, New Mexico, on April 8, 197 1. Soil characteristics, 
saltcedar regrowth, plot size, and treatment procedures were similar to 
those described in the second experiment. The 1.22-m wide plow 
blade was used to apply the herbicides. The percentage plant kill was 
determined at 6 months and 4.5 years after treatment by comparing 
surviving plants with the total number of plants per plot at the time of 
herbicide application. 

A fourth experiment was established on the New Mexico Game and 
Fish Commission refuge at Bernardo, New Mexico, on August 4, 
197 I. The soil was highly saline, subirrigated, sandy clay loam. The 
well-established, dense, lo- to 15year-old saltcedar plants had been 
periodically mowed or burned, and regrowth since mowing 5 months 
earlier was 60 to 90 cm tall. The saltcedar density had reduced the 
native grass stand to 10% or less throughout the experimental area. 
The water table was 72 to 84 cm deep and the 2.44-m wide plow blade 
was operated at a 60 cm depth. The herbicides were applied in 400 
liters/ha of water to 0.16-ha plots. The percent saltcedar control was 
determined 4 years after treatment by recording the number of 
surviving plants out of 600 plants examined per plot (Table 4). 
Reinfestation by two of the more prominent native grasses, desert 

saltgrass [d&i&is strictu (Torr.) Rydg.] and alkali sacaton 
[Sporobolus airoides (Torr.)], was also noted. The extent of each 
grass species was estimated by two individuals and their results were 
averaged to give the percent infestation. 

Results 

The first two experiments with the root-plow injection 
technique required minor adjustments in the equipment and 
operation. It was necessary to adjust the blade angle or pitch to 
keep the plow in the soil with a minimum of power drag. The 
spray system provided uniform herbicide application without 
nozzle clogging. However, when the saltcedar plants were too 
large to pass easily through the throat of the plow, occasional 
stops were necesary to remove the obstruction. Most trouble- 
some for the larger plow (2.44-m wide blade) were plants more 
than 3 m tall and for the smaller plow (1.22-m wide blade) those 
more than 2 m tall. This difficulty was resolved by crushing, 
burning, or otherwise reducing the size of large saltcedar prior 
to plowing. 

A second operational problem not anticipated was the need 
for adjacent plow swaths to join or slightly overlap. If the 
taproot of saltcedar was not severed the plant often survived. 
Such plants were usually located in a narrow unplowed strip 
between plow swaths. Survival of uncut plants was further 
dependant upon the type of herbicide used in adjacent plow 
swaths. Herbicides with short residual activity, such as the 
phenoxy compounds, usually did not control uncut plants. 
Substituted ureas or the uracils provided longer residual activity 
and often killed plants in the unplowed strip even though the 
taproot had not been severed. 

Several herbicides killed 35 to 45% more of the saltcedar 
plants than did root plowing alone (Table 1). The percentage of 
plants killed was lower in the uncut strips than in the adjacent 
root plowed swaths, reflecting an increase in survival ability of 
those plants whose roots were not severed. Plants in uncut strips 
adjacent to plow swaths treated with 2,4-D [(2,4-dichlorophen- 
oxy) acetic acid] and dicamba (3,6-dichloro-o-anisic acid) were 
least affected; but 50 and 80%, respectively, of uncut plants 
adjacent to monuron [3-p-chlorophenyl- I,1 -dimethylurea]- 
and diuron [3-( 3,4-dichlorophenyl)- I,1 -dimethylurea]-treated 
swaths were dead after more than 2 years. Additional obser- 
vation revealed no apparent increase in saltcedar infestation in 
these plots 7 years after treatment. 

Saltcedar responded dramatically to severing of the root 
system in July when the plants were apparently under moisture 
stress. After root plowing, leaves withered and bleached 
severely within 24 hours. Defoliation was complete within a 
few days. Despite this dramatic initial response, 35% of the 
plants survived in the root-plowed plots which were not treated 
with herbicide (Table 2). Two months after treatment, regrowth 
was extensive in several plots. After the plants had experienced 
a winter and the herbicides had apparently been more fully 
assimilated, the level of regrowth was reduced in many treat- 
ments. After 5 years, one application of each herbicide treat- 
ment had killed 80% or more of the plants. Nine treatments, 
which killed 89% or more plants, were significantly better 
(0.05% level) than root plowing alone (Table 2). 

The third experiment compared the activity of representative 
compounds from nine classes of herbicides: substituted ureas, 
picolinic acid, uracil, anisic acid, benzonitrile, benzoic acid, 
phenoxyacetic acid, carbamate, and arsenical. Several her- 
bicides were evaluated in combination with other herbicides. 
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Diuron 
Picloram 
Bromacil 
Picloram:2,4-D (1:2) 
Dicamba 
Picloram:2,4,5-T (1: 1) 
Picloram:2,4,5-T (1:4) 
Karbutilate 
Dichlobenil + dicamba 
2,4-D DMA 
Silvex BE 
2,3,6-TBA 
2,4-D Alk + 2,4-D BE 
Dicamba:2,4-D 
2,4-D BE 
Silvex K-salt 
2,4-D Alk 
2,4-D:2,4,5-T 
Silvex PGBE 
Dichlobenil 
None (root-plowed check) 
Cacodylic acid 
MAA 

When evaluated 4.5 years after application, nine treatments 
had killed 85 to 100% of the saltcedar, a significantly higher 
percentage kill than that for the other 14 treatments (Table 3). 
Diuron, picloram (4-amino-3,5,6-trichloropicolinic acid), 
bromacil (5bromo-3-set-butyl-6-methyluracil), and dicamba 
applied at 9 kg/ha killed 100, 99, 98, and 98% respectively of 
the saltcedar. Karbutilate (tert-butylcarbamic acid ester with 
3-(m-hydroxyphenyl)- 1,l -dimethylurea], a carbamate with 
urea linkage, also provided good control (90% kill). Combining 
the various phenoxy compounds with picloram did not increase 
control over that resulting from picloram alone, and dicamba 
with dichlobenil (2,6-dichlorobenzonitrile) was less effective 
than dicamba alone. All herbicide treatments except the propy- 
leneglycol butylether ester of silvex [2-(2,4,5-trichlorophen- 
oxy) propionic acid], dichlobenil alone, cacodylic acid (hyd- 
roxydimethylarsine oxide), and MAA (methanearsonic acid) 
were significantly more effective than root plowing alone 
(Table 3). 

Table 3. Control of saltcedar 0.5 and 4.5 years after application of 
herbicides at an average depth of 35 cm by the root plow method in April 
1971, Rio Grande floodplain, Bernardo, New Mexico. 

Treatment Control’ (% kill) after 

Herbicide Rate (kg/ha) 0.5 year 4.5 years 

9 
9 
9 

9 
9 

17 
5+5 

II 
11 

9 
9 

45 fg 1OOa 
1OOa 99a 
75b 98 ab 
98a 98 ab 
90a 95 ab 
90a 95 ab 
90a 95 ab 
65 bed 90 abc 
75b 85 abed 
60 cde 80 bcde 
45 fg 80 bcde 
70 bc 80 bcde 
60 cde 75 cde 
60 cde 75 cde 
50 efg 75 cde 
55 def 70 def 
60 cde 70 def 
40gh 65 efg 
25 i 55 fgh 
1Oj 50 ghi 
30 hi 40hi 

Oi 40hi 
5j 35 i 

’ Bawd on count of total plants per plot in duplicate plots per treatment; means followed 
bj a letter in common are not significantly different at the 0.05 level of probability 
according to Duncan’s multiple range test. 

The herbicides used in the final experiment were selected 
primarily because of their residual weed-control properties and 
satisfactory performance in earlier experiments. Dichlobenil is 
an exception in that it controlled saltcedar satisfactorily in the 
second experiment but not in the third. 

Picloram was as effective alone as when it was used at 6 kg/ha 
in combination with dichlobenil (Table 4). Three kg/ha of 
picloram combined with dichlobenil provided significantly less 
saltcedar kill than any of the other herbicide treatments. All 
other treatments, with herbicides, killed at least 85% of the 
plants which was significantly more than the 40% kill by root 
plowing alone. 

Release from the dense competition of saltcedar following 
herbicide application permitted recovery of suppressed grasses 
in those instances where they were not adversely affected by the 
herbicides (Table 4). Bromacil and diuron were most damaging 
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Table 4. Control of saltcedar and the response of two native grasses 4 years 

i&r iIpphItiOn of herbicides at an average depth of 60 cm by the 
root-plow method in August 1971, Rio Grande floodplain, Bernardo, 

New Mexico. 
~_____ 

Percent infestation 
Treatment Saltcedar of indigenous grasses 

Rate Surviving Control’ Desert Alkali 
Herbicide (kg/ha) plants (% kill) saltgrass sacaton 

Bromacil 7 4 99a 20 10 
Diuron 6 2 99ab 60 0 
Diuron + picloram 3+3 12 98ab 70 20 
Picloram 7 21 97ab 70 30 
Dichlobenil + picloram 6 + 6 25 96 ab 70 20 
Dichlobenil+dicamba 6 + 6 30 95ab 80 20 
Dicamba + picloram 6 + 6 60 90bc 90 0 
Dicamba 7 90 85 c 80 15 
Dichlobenil + picloram 6 + 3 180 70d 80 10 
None 

Root-plowed check - 363 40 e 50 0 
Unplowed check - 600 Of 10 0 

’ Based on a count of600 plants per plot in duplicate plots per treatment; means followed 
by a letter in common are not significantly different at the 0.05 level of probability 
according to Duncan’s multiple range test. 

to desert saltgrass, the more prominent of the two species. The 
other treatments permitted a large increase in desert saltgrass 
infestation over that of the unplowed check. The presence of 
alkali sacaton was too variable within and between plots to 
establish a clear pattern of response to the various herbicides. 

Discussion 

This study shows that a single treatment combining root 
plowing and subsurface application of certain herbicides will 
satisfactorily control saltcedar. The percentage kill is higher 
than for root cutting alone and a larger, more permanent control 
is possible than with one application of a herbicide alone. 

Picloram and dicamba were the most effective herbicides for 
control of saltcedar and were less damaging to the native 
grasses. The flush of regrowth and subsequent increase in kill 
from 2 to 12 months (Table 2) indicates a need to wait at least 1 
year after treatment before making a final determination of 
saltcedar response. 

Use of root cutting concurrent with subsurface herbicide 
application may be the most effective and economical method of 
treatment for saltcedar on sites where the equipment can be 
operated. Cutting, burning, or crushing large saltcedar a few 
weeks before root plowing facilitates the use of this method. 
The percentage kill of saltcedar from the combined treatment, 
using various herbicides, was more than double that from root 
plowing alone. In the earlier experiments, the advantage of the 
herbicide plus root plow treatment was less apparent because of 
the presence of surviving plants (in strips between plow swaths) 
whose root escaped cutting. 

Many herbicides can kill saltcedar when they enter through 
the root system, but the root system is the plant part best 
protected by nature from exposure to herbicides. Use of the root 
plow for subsurface application not only places the herbicide 
close to the roots, but it also cuts off the lower roots and, 
thereby, all access to moisture and nutrients except by the 
remaining roots near the herbicide-treated soil. 

Variation between treatments in the amount of saltcedar 
regrowth at 2 months (Table 2) and of control at 0.5 year (Table 
3) suggests a difference in herbicide absorption and trans- 
location and/or differential susceptibility to herbicides. Prolific 
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shoot formation from previously quiescent buds is often ap- 
parent a few weeks after treatment of saltcedar with a herbicide. 
Perhaps the buds must sprout and become active before the 
herbicide can be absorbed. Compounds that provide only a 
short-term residual action may dissipate before all viable buds 
become active. The more persistant herbicides such as broma- 
cil, terbacil (3-terr-butyl-5-chloro-6-methyluracil), diuron, and 
monuron [3-(p-chlorophenyl)- 1, 1 -dimethylurea] provide less 
early control and equal or better final control than the other 
treatments (Tables 2 and 3). This indicates that herbicides with 
longer residual action may be a better selection for overcoming 
herbicides would also be an advantage where time may be 
required for the root system to grow into contact with the 
herbicide or the herbicide to diffuse into the root zone. Such a 
time requirement may have been responsible for the delayed kill 
of saltcedar plants in the uncut strips between plow swaths. 

Use of the root-plow for subsurface application of herbicides 
offers the following advantages over traditional means of 
saltcedar control: (1) a single treatment any time during the 
growing season places the herbicide so that its activity is least 
affected by rainfall, wind, or temperature change. This type of 
application is relatively safe with regard to drift or to direct 
contact with wildlife. (2) The method can be used where 
saltcedar removal would be most beneficial, i.e., on flat land for 
TOW crops or flat or rolling ground for forage crops and grazing. 
(3) When properly done, the mechanical operation does not 
excessively disturb the sod or soil surface. Established grasses 
survive and quickly benefit from the release from saltcedar 
competition. Livestock grazing and mowing can continue after 

treatment. (4) The application cost, though initially higher than 
that for some traditional treatments, is lower than that for the 
separate mechanical and chemical operations, repeated over 
several years, that would be necessary for equal control. 

Development of the root plow method of herbicide injection 
covered a period of 3 years. Unfortunately, the federal research 
station at Los Lunas, New Mexico, was terminated before early 
screening experiments could be completed and optimum herbi- 
cide rates determined for inclusion in repeated experiments. The 
results of four experiments have been presented because the 
preliminary evidence indicates that the root plow method of 
herbicide injection for saltcedar control has merit and deserves 
further refinement. 
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Response of Native Grassland Legumes to 
Water and Nitrogen Treatments 

W.K. LAUENROTH AND J.L. DODD 

Abstract 

The response of native shortgrass prairie legumes to water and 
nitrogen additions was evaluated utilizing a replicated factorial 
design of two water and two nitrogen treatments. Responses 
measured were densities and aboveground biomass by species. 
Water treatment greatly increased both density and biomass of 
legumes, presumably because of more favorable conditions for 
nitrogen fixation and increased competitive advantage under 
nitrogen deficient conditions. 

The availability of nitrogen, more than any other mineral 
element, is a critical determinant of both the structure and 
productivity of grassland plant communities (Date 1973). 
Additionally, mineral nitrogen supplies to the plant community 
largely determine the value of the biomass produced as forage 
for consumers. In native grasslands nitrogen-fixing plants are 
presumed to occupy an important position in nitrogen cycling 
although for most grasslands very little is known about the 
ecology or functional significance of native legumes (Becker 
and Crockett 1976). This is particularly true of the semiarid 
grasslands of the Great Plains of North America. The majority 
of the information available concerning the ecology of legumes 
in these grasslands is available as an incidental portion of the 
data collected on the dominant grassland plants (Albertson 
1937; Hanson and Whitman 1938; Dyksterhuis 1946; Brown 
1971; Hyder et al. 1975). 

As a first step in understanding the functional role of legumes 
in a shortgrass prairie, we provide basic phytosociological data 
for legumes under ambient environmental conditions and results 
from experimental manipulation of soil water and mineral 
nitrogen availability. 

Met hods 

Site Description 
The Pawnee Site’ is located in northeastern Colorado approximately 

h I km northeast of Fort Collins. The climate of the region is temperate 
semiarid receiving approximately 3 10 mm of annual precipitation. 
The eight experimental plots were located within an exclosure on an 
Ascalon sandy loam soil. 

The vegetation of the area is characterized by the predominance of 
the shortgrass blue grama [Bouteloua grucilis (H.B.K.) Lag.].” Im- 

The authors are ecologists. Natural Resource Ecology Laboratory, Colorado State 
UnlLcrslty. Fort Collins. Colorado X0.53. 

This paper reports on work supported in part by National Science Foundation Grants 
GB-7824, GB-1309h. GB318h2X, GB-3 1862X2. and GB41233X to the Grassland 
Biome. U.S. International Biological Propram, for “Analysis of Structure, Function, and 
Utiliration ot Grassland Ecosystems.” 

Manuscript received March 24, 1978. 

_ _ 

’ The field research facility of the Natural Resource Ecology Laboratory. Colorado State 
C!nlLcr\ity. Fort Collins. located on the Central Plains Experimental Range which is 
adminiqered by the USDA Science and Education Administration, Agricultural Research. 

’ Nomenclature follows Harrington ( 1054). 
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portant associated species include fringed sagewort (Artemisiafrigida 
Willd.1 and plains pricklypear (Opuntiu polyucunthu Haw.). 

Experimental Design 
The experiment was initiated in 1970 utilizing a replicated factorial 

design of two water and two nitrogen treatments. Each of the two 
replicates included four I-ha plots consisting of a control, water, 
nitrogen, and water plus nitrogen treatments. 

The nitrogen treatment criterion was to maintain a difference of at 
least 50 kg ha-’ of mineral nitrogen (NH+,+ NO;) between the 
control and the nitrogen treated plots. This was accomplished by 
spring applications of ammonium nitrate fertilizer as necessary based 
upon soil nitrogen analyses. The water treatment consisted of main- 
taining soil matric potential at a depth of IO cm, above -.08 bars 
during the May to September growing season. Matric potential was 
maintained within the treatment range by nightly applications of water 
with a solid set sprinkler system and monitored by ceramic tensio- 
meters. Although the experiment was begun in 1970, the water 
treatment criterion was not satisfactorily met until I97 1. 

Legume Biomass and Density 
Aboveground biomass (live + attached dead) was collected on 

eleven dates in 1970, three dates in 1971, nine dates in 1972, and six 
dates in both 1973 and 1974. In 1970 ten 0.25-m2 quadrats were 
harvested at ground level for each treatment on each date. During the 
remaining years twelve 0.50-m” quadrats were harvested for each 
treatment on each sample date. 

Numbers of individuals of each species occurring within one 
hundred 0.25-m” quadrats per treatment were recorded on approxi- 
mately July 1 in each year from 197 I through 1974. 

Results 

Water is clearly an important factor limiting legume popu- 
lations in shortgrass prairies (Fig. 1). Initial densities of 
legumes ranged around 1 me2 for all three treatments and the 
control (Table 1). Densities remained less than I rnp2 for the 
nitrogen treatment and the control throughout the 4 years of 
study. Legume density on the water plus nitrogen treatment 
increased dramatically during the second year of treatment 
presumably as a result of the favorable growing conditions 
produced by this treatment. The decreases in density observed 
during the last 2 years on the water plus nitrogen treatment were 
very likely the result of increased competition from species 
better able to utilize the elevated levels of water and mineral 
nitrogen. The poor competitive ability of legumes in pastures 
fertilized with mineral nitrogen is well established (Templeton 
1976). Density of legumes on the water treatment increased in 
each year of the study and in 1974 was approximately 30 times 
greater than the control. 

A total of seven species of legumes were encountered 
throughout the study period; the largest number of these was 
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Fig. 1. Interseasonal changes in seasonal-mean biomass of legumesjorjour 
water and nitrogen treatments in a shortgrass prairie in northcentral 
Colorado. 

found on the water treatment (Table 1). Only two species, 
Psoralea tenuijlora Pursh and Sophora sericea Nutt., were 
found consistently on the control plots. Despite the large 
increases in the populations of legumes recorded for the water 
treatments, it is clear that they comprise a small proportion of 
shortgrass prairie vegetation. Under control conditions legumes 
comprised 1% or less of the total plant density throughout the 
study period. 

Analysis of variance of seasonal-mean biomass of legumes 
resulted in significant treatment (P<O.OOl) and year (P-CO.05) 
and a significant treatment x year interaction (P<O.OOl). The 
source of these significant differences can be largely explained 
by the biomass changes resulting from water treatment (Fig. 1). 
Biomass of legumes on the water treatment increased through 
1973 with the largest increase occurring between 1972 and 
1973. The decrease in average plant size (biomass/density) in 
1974 was probably the result of difficulty in continuously 
maintaining soil matric potential between 0 and -0.8 bars. 
Biomass of legumes on the control and nitrogen treatment was 
greater than 1 g m-” only in 1970. 

May ’ Jun ’ Jul ’ Aug ’ Sep ’ 

DATE 

Fig. 2. Three-year average nitrogen concentration (% ash-jree) jor Bouteloua 
gracilis, Sphaeralcea coccinea (Pursh) Rydb. and Carex eleocharis Bailey 
jrom the control and water treatment in a shortgrass prairie in north- 
central Colorado. 

Discussion 

The success of legumes under conditions of increased water 
availability was not an unexpected result and the explanation for 
it certainly must be related to the physiology of nitrogen fixation 
as well as the competitive advantage of legumes under nitrogen 
deficient conditions. Vincent (1965) reviewed the subject of 
microenvironmental effects on nitrogen fixation by legumes and 
reported inhibition of nodule formation and nitrogen fixation by 
combined nitrogen and stimulation of bacterial populations, 
nodule formation, and nodule functioning with increased soil 
water availability. To illustrate the reduced nitrogen availability 
under conditions of the water treatment, Figure 2 compares the 
nitrogen contents of three important nonleguminous species 
from the control and the water treatment. Since increases in 
primary production of these grasslands as a result of small 
additions of mineral nitrogen have been reported (Hyder et al. 
1975), data from the control can be interpreted as minimum 
estimates of adequate nitrogen availability. It is clear from these 
data that legumes with their ability to fix atmospheric nitrogen 
should have a competitive advantage over species that must rely 
solely on soil nitrogen. 

Table 1. Density of legumes (no. me2 2 1 SE) for a shortgrass prairie subjected to water and nitrogen treatments. 

~~__ ________~~ _~ 
Control Water ___- Nitrogen Water + nitrogen 

Spcc1es’ 1971 IY7.! 1973 I974 1971 1972 1973 I974 1971 I972 I073 I Y74 1971 I977 1973 1071 
-_______ -_____ ~________ 

ASGK - - - - 37-t 38 _ - - ._ _-._ - - 

AS\11 - - - - - .20r.16 .16+-.lh - - - - 

ASMO - .04-+.04 - .3h .32%.12 .20t.10 .12t.o9 - - - - .2x+. I3 .ox-c.o(, .0x+.0x 

LUPL’ - - .08 .04r.O4 - - - - - - 

ONLA - - - .x+.12 - - - - - .17?.07 - - 

PSTE .10 ,442. I7 lb?. I I .oh+.08 .5h .72+.27 1.28rt.37 l.l2+-.‘7 .51 .44-r-.2Y ,042.04 - .31 .88%.27 .08t.o0 IO 2 IO 
SOSE .I2 .44r.17 - .08+.oh .28 1.32-t.39 1.88r.55 2.8Ok.72 .04 .x*.19 .04*.04 .04*.04 .I? l.3hZ.48 1.08?.33 7’+.11 _____ ~_ ~~ _. ~~ ~~~ 
Total .31 .88 .20 .I4 I .‘8 2.72 3.92 4.20 .54 .72 08 .04 .4’ ‘.h4 I .24 Yt> 

l’crccnl ot 

lotal COlll- 

nltlnlr~ 

tlcn\lt) I I <I <I I 3 6 4 I I <I <I <I 4 3 3 
~~ -__ 

’ ASGK z A.~tr~lg”tu.~ grcrcitis Nutt.. MM1 = Astrtrgutus missouriensis Nutt., ASMO = Astrtrgolus ttwl/i.ssitttus Torr.. LUPU = Llcpttl~\ p.\j//l,,s Pup,h. OXLA = o.\yr,o,,>i\ /t,t,r/,c, I,, 
f’ur\h. f’STE = Psorctletr tetruijlortr Pursh, SOSE = Sopphoru sericea Nutt. 

JOURNAL OF RANGE MANAGEMENT 32(4), July 1979 293 



The clear sensitivity of nitrogen fixation to water availability 
(Vincent 1965) raises serious questions about the potential 
contribution of legumes to the nitrogen economy of semiarid 
grasslands. Reuss (1971) in a preliminary investigation of the 
role of symbiotic nitrogen fixation in a shortgrass prairie 
concluded legumes probably contributed less than 1 kg ha-l to 
the annual nitrogen balance. Although this is a very small 
amount of nitrogen, it did account for 20% of the total annual 
inputs. Woodmansee ( 1978) presented a more pessimistic view 
of the potential inputs of nitrogen from symbiotic fixation for six 
semiarid and arid grasslands, indicating an average of less than 
0.5 kg ha-’ year -I for each site. For a shortgrass prairie this 
amounted to 7% of his estimate of total annual input. Reuss 
(I 97 I ) attributed the small contribution of nitrogen by sym- 
biotic fixation to small populations of legumes and the short 
duration of conditions favorable for nitrogen fixation. 

Additions of water to the shortgrass prairie changed these 
circumstances significantly. Increased availability of soil water 
for the entire growing season dramatically increased the size of 
the legume population and presumably also resulted in much 
more favorable conditions for nitrogen fixation. Utilizing 
Reuss’s (197 1) figures for fixation rates of various species, 
calculated nitrogen fixation for the water treatment ranged from 
less than 1 kg ha-’ year -’ in the 1970 to 18 kg ha-’ year-l in 
1973. 

The above estimates assume that legumes are the only 
N-fixing species in the community although there is some 
evidence that other species may fix nitrogen symbiotically, 
particularly fringed sagewort and plains pricklypear (Porter 
1969). If we assume that legumes are the most active nitrogen- 
fixers in the shortgrass prairie, the large increase as a result of 
supplemental watering suggests a balance between nitrogen 
fixation and soil water availability. Masefield (1958) found that 
wet soil conditions resulted in high nodulation of legumes. 
Although our data are far from conclusive evidence, the general 
trends lead us to the conclusion that the legumes on the water 
treatment will continue to increase until enough nitrogen is 
being fixed so that the population of legumes will be limited by 
competition from the remainder of the community. An analo- 

gous situation has been reported in pasture mixtures of grasses 
and legumes (Blaser and Brody 1950; Templeton 1976). In- 
creased nitrogen availability either by fertilization or nitrogen 
fixation intensifies competition between grasses and legumes. 
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Response of Blue-winged Teal to Range 
Management on Waterfowl Production Areas 
in Southeastern South Dakota 

PATRICK H. KAISER, STEPHEN S. BERLINGER, AND LEIGH H. FREDRICKSON 

Abstract 

The blue-winged teal (Anus discors) was the predominant 
upland-nesting waterfowl species in Waterfowl Production Areas 
(WPA’s) in southeastern South Dakota. In native plant com- 
munities, factors that resulted in high nest density and success 
were excellent range condition (high proportion of climax vegeta- 
tional and matted residual vegetation. In tame plant communities, 
smooth bromegrass (Bromus inermis) cover in which residual 
vegetation formed a matted mulch had high nest densities and nest 
success. 

Many prime wetland areas that have been acquired in the 
prairie pothole region of the United States by the Fish and 
Wildlife Service are known as Waterfowl Production Areas and 
are managed as breeding habitat for waterfowl. Habitat condi- 
tions for nesting waterfowl are improved by the maintenance of 
certain vegetative characteristics of native and tame plant 
communities and by controlling the state of plant succession. 

Conflicting opinions on proper management of grassland 
nesting cover for individual waterfowl species probably results 
from differences in habitats at different geographical locations 
and the proportion of different duck species on a study site. 
Nesting habitat in Iowa that had Kentucky bluegrass (Poa 
praterzsis) as the dominant cover type and that was grazed 
lightly to moderately was more productive of blue-winged teal 
than was ungrazed habitat. Overgrazing was detrimental to teal 
production (Bennett 1938; Glover 1956; Burgess et al. 1965). 
Where the surface-feeding duck population included nearly 
equal proportions of mallards, gadwalls, pintails, and blue- 
winged teal in North Dakota, overall duck production was 
reduced considerably by grazing (Kirsh 1969). The potential 
production of upland nesting waterfowl will increase as our 
understanding of the relationships between plant and animal 
communities increases. Our study was designed to determine 
plant community types and vegetational characteristics present 
on the WPA’s that provide habitat for upland-nesting water- 
fowl. Field work was conducted in spring and summer of 1974, 
while the senior author was a student employee at the Lake 
Andes National Wildlife Refuge, Lake Andes, South Dakota. 
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Study Area and Methods 

We studied 29 WPA’s, in the prairie pothole region of southeastern 
South Dakota, that were acquired between 1963-1973. Twenty-two 
were in the Lake Andes Wetland Management District and 7 were in 
the Madison Wetland Management District. All were located in three 
vegetative zones recognized by Johnson and Nichols ( 1970) in eastern 
South Dakota: Zone l-original tall grass prairie, Zone 2-tall-mixed 
grass transition area, and Zone 3-mixed grass prairie (Fig. 1). 

In general, annual precipitation decreases from east to west and is 56 
cm in the tall prairie, 5 1 cm in tall-mixed grass transition area, and 43 
cm in the mixed grass praire. Precipitation was below normal in 
eastern South Dakota during January-July 1975 by 6.6 cm in the 
northern half of the study area and 14.7 cm in the southern half. 

The study WPA’s were selected to provide a representative sample 
of the upland plant communities. The presence of Type IV or Type V 
wetland semipermanent-to-permanent water conditions (Stewart and 
Kantrud 197 1) was a requirement for site selection. 

Upland plant communities were classified as: (1) native prairie or 
(2) tame grass or legume seedings (seedings by mechanical techni- 
ques). Approximately 450 ha of native plant communities and 5 15 ha 
of seeded plant communities were selected for nest searching. Some of 
the tame grass and legume seedings were present at the time of 
acquisition and others were planted later, mainly during the period 
1970-73. All tame plant communities were left idle after acquisition or 
planting. 

In general, the tracts of native prairie have degenerated because of 
poor management before acquisition or because they were left in a 
resting state for as many as 8 years after acquisition. Consequently, 
periodic manipulation was necessary. Burning is recognized as an 
effective management tool to maintain prairie grasslands, but the 

VEGETATIVE ZONES 

ZONE 

ZONE 

ZONE 

Study 

Refuge 

Transition 

I Tall Grass Prairie 
2 Mixed-Tall Grass 
3 Mixed Prairie 

Waterfowl Production 

Headquarters 0 

MADISON 

‘LAKE ANDES 

WMD 

WMD 

Fig. 1. Vegetational zones within the Lake Andes and Madison Wetland 
Management Districts in southeastern South Dakota and the Waterfowl 
Production Areas ( WPA's) of the study area. 
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Table 1. Total ducks nests, nest success, and nest density in native vs. tame plant communities in southeastern South Dakota, 1974. 

All nests Native3 Tame 
Nonactive Percent Number Number 

Species 
Number 

Number nests’ composition2 successful nests nests 

Blue-winged teal 210 13 79.8 
Mallard 

95 (43)4 104( 49)4 106 
23 

(36)4 
3 8.7 

Gadwall 
8 (37) 4( 67) 19 

23 
(30) 

2 8.7 13 Pintail (57) 3 (100) 4 20(51) 
0 1.6 

Shoveler 
2 (42) 3(100) 

3 
3 (22) 

0 1.2 
Total 

0( 0) 1( 44) 
263 

0( 0) 
18 100 118 (43) 115( 50) 148 (36) 

Nest density 25.6/km2 28.7/km2 

’ Nests with no chance for success (crushed by search vehicle, search caused desertions, or fate unknown) are not included in success ratios or percent composition. 
’ Does not include the nonactive nests. 
” Native=47% of area searched; Tame=53% of area searched. 
’ Nest success calculated by Mayfield (1961) method. 

combination of limited manpower and wide distribution of WPA’s 
reduced the applicability of this technique in this area where many 
units were no larger than 32 ha. To reduce the thick mat of residual 
vegetation, some native tracts were hayed or grazed in 1973. 

shovelers (Anas clypeata), waterfowl preferred the tame plant 
community by about a 3 to I ratio (Table 1). 

Before the arrival of the breeding waterfowl in spring, we deter- 
mined range site (Dodds and Galt 1973), range condition (Dykster- 
huis 1949), and mulch condition for native plant communities, and 
plant species composition and mulch condition for the tame plant 
communities. Mulch condition, meaning the stature of the residual 
vegetation, was determined by visual observation and described as 
being either upright (standing) or matted (fallen over). 

Nest success for all waterfowl was considerably higher in the 
native plant community (50%) than in the tame plant com- 
munity (36%). Blue-winged teal nest success was 49% in the 
native plant community and 36% in the tame plant community 
(Table 1). 

Native Plant Community 
Range Condition 

Nest searching was conducted between 0800 and 1700 hours with 
the use of a cable-chain drag (Higgins et al. 1969). Two nest searches 
were conducted on each WPA between May 7 and June 27, with an 
approximate 25day interval between the two. Nests were examined to 
determine waterfowl species, stage of incubation (Weller 1956), 
vegetation height, nest concealment, and plant species composition. 
Cover density height was determined by the method of Higgins and 
Kantrud ( 1973). Nests were revisited after the estimated date of hatch 
to determine success. Calculations for nest success included dif- 
ferences in exposure time of individual nests as recommended by 
Mayfield (196 1). Consequently, nest success is not represented by a 
simple fraction conversion to a percentage basis. 

Range condition reflects the health of the native plant 
community and is defined as the percentage of vegetation 
present that is climax vegetation for the site (Dyksterhuis 1958). 
Waterfowl nest density was highest (26.4 nests/km2) on range- 
land in excellent condition. As range condition deteriorated, 
nest density decreased accordingly (Table 2). Nest success was 
highest in native plant communities in fair (67%) and excellent 
(6 1%) range condition. 

Results and Discussion 

Native and Tame Plant Communities Combined 
A total of 263 waterfowl nests were located in the study area. 

Blue-winged teal accounted for 2 10 (79.8%) of the nests (Table 
1). This proportion was considerably higher than the proportion 
(38%) of blue-winged teal found nesting in north-central South 
Dakota during 197 l-73 by Duebbert and Lokemoen (1976). 
During 1974, blue-winged teal accounted for 59% of the pairs of 
surface-feeding ducks east of the Missouri River in an area that 
was comparable with ours (Brewster et al. 1976). 

Kentucky bluegrass invasion into the native plant community 
was the most important factor causing the deterioration of range 
condition below the “excellent” category. Improper timing of 
grazing, haying, or burning may result in range deterioration. 
Overgrazing as well as excessive rest periods may favor 
bluegrass invasion into native plant communities (Cosby and 
Berlinger 1973). 

Mulch Condition 

Nest success for blue-winged teal as well as for all waterfowl 
species was 43% (Table 1). This is considerably lower than the 
70% suggested as the objective for nest success on managed 
areas (Kalmbach 1939). 

Native Plant Community vs. Tame Plant Community 

The residual plant material from the vegetative growth of the 
previous year or years often is used for duck nests. Nest density 
was higher on sites with the matted mulch (32.2 nests/km2) than 
on sites with the upright mulch (24.0 nests/km”). Of the 
waterfowl nests in matted mulch, 66% were successful as 
compared with 45% in vegetation with upright mulch (Table 3). 

Matted mulch is generally associated with long rest periods 
and/or natural forces such as prolonged periods of heavy 
snowpack. As excessive mulch accumulates, the range condi- 
tion deteriorates because native grass growth is depressed. The 
stature of the mulch (matted vs. upright) appears to be more 

The native plant community made up 45 I ha (47%) and the 
tame plant community 5 15 ha (53%) of the 966 ha of upland 
habitat searched on the study area. Nests of all waterfowl 
combined were more numerous in the tame plant community, 
which had 56% of the nests or 28.7 nests/kmZ, compared to the 
native plant community, which had 44% of the nests or 25.6 
nests/km’ (Table 1). 

Table 2. Duck nest density and nest success in relation to the range 
condition of the native plant communities, 1974. 

Nesting densities of blue-winged teal were slightly greater 
(‘3.1 nests/kmZ) in native plant communities than in tame plant 
communities (20.6 nests/km’). With the exception of teals and 

Range condition 

Excellent 
Good 
Fair 
Poor 

Nests Density Percent 
found (nests/km*) success 

19 26.4 61 
57 25.4 38 
25 24.0 67 
11 22.4 30 
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Table 3. Duck nest density and nest success in matted and upright mulch consisted primarily of mallards (Anas platyrhynchos), gadwalls 
condition within native plant community, 1974. (Anus strepera), and pintails (Anus acuta). 

Mulch Condition 

Mulch condition 

Matted 
Upright 

Hectares 
searched 

87.5 
363.2 

Density 
(nests/km’) 

32.2 
24.0 

Nests 
found 

25 
87 

Percent 
success 

66 
45 

important in relation to duck nesting rather than the amount of 
mulch material that accumulates from year to year. Proper 
maintenance of native plant communities requires some type of 
periodic manipulation to attain or maintain excellent range 
condition. 

Within the tame plant communities duck nest density was 
28.4 nests/km” in the matted mulch and 28.8 nests/km2 in the 
upright mulch (Table 4). Nest densities were similar for both 
matted and upright mulch within each plant group where both 
mulch conditions were available for sampling (alfalfa, alfalfa- 
tame grass mixture, smooth bromegrass, and intermediate 
w heatgrass). 

Tame Plant Community 
Plun t Groups 

The tame plant community was subdivided into six plant 
groups consisting of alfalfa (Medicago s&vu); alfalfa-tame 
grass mixtures, Kentucky bluegrass, smoothbromegrass, or 
intermediate wheatgrass (Agropyron intermedium); sweet 
clover mixture (Melilotus sp.), smooth bromegrass, inter- 
mediate wheatgrass; and forbs or annual grasses (Table 4). Nest 
density was highest (185.7 nests/km”) in the forbs and annual 
grasses, however, this figure is misleading because there was 
only one nest in the 6.7 ha of that plant group. The other 12 nests 
within this category were in small stands of forbs or annual 
grasses within tracts of vegetation represented by the other five 
plant groups. 

Waterfowl nest success for the overall tame plant community 
was higher where the mulch was matted than where it was 
upright (49 versus 35%, Table 4). The higher nest success in the 
matted mulch was noted for the native plant community also. 
Nest success within the various plant groups in both the matted 
and upright mulch was variable. The high nest success in the 
alfalfa-tame grass mixture (73%) and smooth bromegrass (67%) 
with matted mulch suggests that such a combination may help 
deter predation on waterfowl nests in tame plant communities. 

Management Recommendations 

The nest density of 54 nests/km2 for smooth bromegrass was 
higher (Chi-square, P~0.05) than the densities in the other 
major plant groups. Smooth bromegrass accounted for 24% of 
the 5 I5 ha in tame plant communities, but contained 46% of all 
nests and 49% of the blue-winged teal nests, thus re-empha- 
sizing the preference of blue-winged teal for smooth bromegrass 
as nesting sites (Table 4). 

Habitat acquired as WPA’s has the potential to produce 
substantial numbers of waterfowl. Because many WPA’s are 
poor quality upland nesting habitat at the time of acquisition, 
nesting habitat improvement should receive attention from 
managers. Manipulation to improve upland cover should be 
based on the composition of local waterfowl populations and on 
nesting requirements for the most common species. 

Low waterfowl nest densities occurred in homogeneous 
bromegrass stands in North Dakota (Salyer 1962, Schrank 
1966), but bromegrass in small blocks was used extensively 
(Schrank 1966). The largest block of bromegrass in our study 
area, 34.4 ha, contained 8 duck nests. Other homogeneous 
bromegrass stands of I _. 7 6,8.9, and6.9 hacontained9, 12, and 
6 duck nests respectively. 

Our results as well as those of three Iowa studies (Bennett 
1938; Glover 1956; and Burgess et al. 1965) suggest that blue- 
winged teal production increased following grazing. Both nest 
density and nest success for blue-winged teal in South Dakota 
were higher for native plant communities in excellent range 
condition. Management can attain these conditions by proper 
use of burning, grazing, resting, and haying. 

Blue-winged teal accounted for 72% of the waterfowl nests in 
the tame plant communities. The low nest densities in alfalfa 
(I 0. I nests/kmZ) and sweet clover mixture (12.7 nests/km2) in 
our study undoubtedly are related to the predominance of 
nesting by blue-winged teal and their preference for grassland 
communities. High duck nest densities have been found in 
homogeneous stands of alfalfa or sweet clover mixtures (Salyer 
I 902; Duebbert and Kantrud 1974) when the nesting population 

Native plant communities with matted mulch had the highest 
nest success and nest density. In our study area, matted mulch 
resulted after rest periods from 1 to 3 years, but longer rest 
periods tended to degrade the range condition. The appropriate 
rest period for each native plant community should be based on 
range site, climate, and weather. 

Smooth bromegrass had the highest nest density of all tame 
plant groups. More nests were successful in the tame com- 
munities when mulch was matted rather than upright. The best 
manipulations for tame grass groups to enhance waterfowl 
production are unknown. However. in our study area tame plant 
“roups had been rested for at least 4 years and as long as 9 years. 
zpparently , high populations of nesting blue-winged teal can be 

Table 4. Nest density and nest success in the matted and upright mulch conditions and percent nests in the tame plant groups, 1974. 

- 

Plant community 

Smooth bromegrass 
Alfalfa mixture 
Intermediate wheatgrass 
Alfalfa 
Sweet clover mixture 
Forbs and annual grasses 

Total 

’ Nundxr of nests. 

Density 
(nests/km’) 

54.0 
28.2 
25.6 
10.1 
12.7 

185.7 

All nests 
Percent 

area 

24 
20 

8 
27 
20 

I 

Percent 
nests 

46 (68)’ 
20 (29) 

7(10) 
lO(15) 
9(13) 
9(13) 

Matted mulch upright mulch 
Density Percent Density Percent 

( nests/km2) success (nests/km”) succes5 

45.4(10)’ 67 55.8( 58)’ 39 
31.6( 8) 73 31.8( 21) 32 
33.3( I) 9 25.0( 9) 64 
12.5( 5) 0 lO.l( IO) 48 

( 1) 100 ll.8( I?) 9 
( 4) I3 138.6( 9) I4 

28.4 (29) 49 28.8( 119) 35 
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maintained on WPA’s during wet cycles if native plant com- 
munities are in excellent range condition or if smooth brome- 
grass stands are established on lands previously under cultiva- 
tion. 

Conclusion 

The use of range condition and range site to assess the 
successional status of native prairie in relation to climax 
provides a means of assessing conditions at the plant community 
level rather than dealing with specific plant species or given 
vegetation densities or heights. Our data suggest that native 
prairie can be made most attractive to nesting blue-winged teal 
by grazing with the intent to reach a specific range condition. 
Although grazing and haying are used on the WPA’s in South 
Dakota, burning is a viable alternative. A similar understanding 
of tame plant groups in relation to soil types and plant species 
requirements for establishment and maintenance is needed for 
achieving optimum management for upland nesting habitat. 
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Interactions between Mule Deer and Cattle on 
Big Sagebrush Range in British Columbia 

W. WILLMS, A. MCLEAN, R. TUCKER, AND R. RITCEY 

Abstract 

Interaction between deer and cattle took various forms. The 
potential for direct competition was greatest in spring. Both deer 
and cattle selected bluebunch wheatgrass and crested wheatgrass 
while Sandbergs bluegrass was most often used by deer. Evidence 
of indirect interaction was observed. Moderate or heavy fall 
grazing by cattle made the spring forage more attractive to deer by 
removing mature forage. Light grazing did not exert any appreci- 
able effect on deer distribution. 

The spring range of mule deer in south central British 
Columbia is relatively restricted, usually below 775 m ele- 
vation. This range is also used by cattle in both spring and fall, 
providing forage at a time crucial to a viable ranching operation. 
Common use of the range ensures that interaction between cattle 
and deer will occur. The type and extent of interaction was not 
known but was believed to be most critical in the food niche. A 
project was initiated in 1972 near Kamloops, British Columbia, 
to study interaction between the two species of ungulates for the 
range resource in terms of food, time and space. The study was 
supported by the Agriculture Canada Research Station, the 
British Columbia Fish and Wildlife Branch, and the British 
Columbia Ministry of Forests. Some of these have been 
reported previously (Tucker et al. 1976; Willms et al. 1976; 
McLean and Willms 1977; and Tucker et al. 1977). 

Site Description 

The study area was on the north side of Kamloops Lake, about 24 
km west of Kamloops. This area lies within the big sagebrush 
(Artemisia tridentuta), ponderosa pine (Pinusponderosa), and Doug- 
lasfir (Pseudotsugu menziesii) zones. The land rises steeply from the 
lake, at 335 m, to a series of knolls and a relatively flat area before 
rising again within the open forest. Maximum elevation on this range 
is 760 m. Snowfall is light and the direct southern exposure promotes 
early growth and a warm environment. The range had been heavily 
grazed from 1947 until 1965, when the grazing permit was cancelled 
to allow rehabilitation of overgrazed areas. One hundred hectares on 
the flat area were seeded to crested wheatgrass (Agropyron deser- 
forum) in 1968. 

Cattle normally use this range from early November to mid- 
December and again from early April to the end of May. The same area 
may be occupied by deer from early December to the end of May, 
although the greatest use occurs in a l-month period in March and 
April. Some deer may remain on this range into the summer. 

Methods 

Four habitats were recognized on the study area. The forested range 
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was considered as one and occupied 38% of the area. Three habitats on 
the open range, identified by topography, were a steep south-facing 
slope, a series of knolls, and a flat field, representing 15, 34 and 13% 
respectively of the total area. 

Three hundred and seventy hectares were fenced to include both 
grassland and open forest. This area was divided into three fields, 
identified as east, west, and middle, each containing both open and 
forested range. A 1 -ha deer and cattle exclosure was built in each field. 
These exclosures were located in the big sagebrush-bluebunch wheat- 
grass (Agropyron spicatum) community on a south-facing slope. 

From 1972 to 1974 the grazing rotation was fixed. The east field 
was grazed only in fall, the middle field was grazed only in spring and 
the west field was grazed in both spring and fall. Since 1974, no field 
was grazed twice annually in consecutive years. Grazing pressure in 
each field varied from year to year but averaged 2.8 ha per animal- 
unit-month (AUM). Changes in deer distribution were studied to 
assess grazing treatments in those fields. 

Vegetation Surveys 
Two paired 1 -m2 plots were established at 10 randomly selected 

locations in each habltat to estimate plant cover and forage utilization. 
The percent ground cover of every major species was estimated on 
each plot. An additional estimate of basal area for each perennial grass 
species was made in the spring. In both spring and fall, one pair of 
plots was harvested before and after cattle grazing. Forage production 
during the grazing period was estimated from sites protected by wire 
cages and the information extrapolated to the harvested plots by a 
relationship derived for weight (y) and basal area (x) of each major 
plant species. Consumption was calculated to be the difference 
between the first harvest plus subsequent growth and the second 
harvest. 

Cattle and Deer Distribution 
Cattle distribution was evaluated by direct observations made 

periodically during daylight hours in both spring and fall. Distribution 
of deer was studied using animal count, track counts, and pellet group 
counts. Animal counts were made from a road at irregular intervals 
during the day. Track counts were sampled on two 100-m long 
transects located parallel to the contour in both the tree and south slope 
habitats. In the winter of 197 l-72, tracks in the snow or mud could be 
surveyed until mid-March. After this period, 147 direct sightings were 
made. In the next winter the tracks could be surveyed until the end of 
February and then 93 direct sightings were made. 

Pellet group counts were sampled prior to the reintroduction of 
cattle to study site and in the spring of each year thereafter. The first 
sample was made using a temporary belt transect extending perpendi- 
cular to the contour through each habitat. The belt was 2 m wide and 
partitioned into plots 20 m long. A permanent sampling system was 
later established. One transect was placed in each field to run parallel 
to the contour so that each habitat was sampled. Clusters of five 
circular plots, were spaced at intervals of 60 m on each transect. The 
plot diameters were 3.4 m and the cluster diameters were 32 m. Pellet 
groups were counted every spring starting 1972. 

Pellet group distribution provided an indication of relative use by 
deer in each habitat prior to grazing and in each field following 
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grazing. The impact of cattle grazing on deer distribution was 
evaluated by comparing the relative change in pellet group counts 
from one year to the next. 

Cattle and Deer Diets 
The proportion of grass species in spring cattle diets was estimated 

by separating each at the time of the utilization surveys. No separa- 
tions were made in the fall. The spring observations were for 2 years 
while the fall observations were for only 1. 

Two rumen-fistulated, identical twin beef cows were used to study 
forage selections by cattle. The animals were turned onto the range 
with other cattle during the normal grazing period in both spring and 
fall. Rumen samples were collected from each animal every 2 or 3 days 
during this period. The samples were washed on a 2.4 mesh/cm 
screen, air dried and hand separated to species with grass and grass- 
like species being pooled. The components were then oven-dried and 
weighed. 

Rumen samples were collected from sacrificed free-ranging deer on 
the study area and from hunter- or road-killed animals nearby. 
Preparation for species separation and identification was the same as 
described above. Separation was modified with point sampling where 
the number of species in the sample was large. Grass and alfalfa were 
removed from the analysis when it was evident they originated from a 
domestic hay source. 

Direct observations on tame deer were used to supplement the 
rumen data. Three deer were observed from mid-February to the end of 
May on the knoll and flat field habitats. Forage selection was 
evaluated by the number of bites taken from each species. A bite was 
counted only when forage was prehended and ingested. 

Winter forage selection by free-ranging deer was determined by 
following deer trails in the snow and counting the number of browsed 
stems on nearby plants. The contribution to the diet was calculated for 
each forage. 

Statistical Analysis 
Vegetative cover was expressed as percent of ground cover and 

forage contribution to the diet as percent of the total diet. Means and 
standard error of the means were calculated from the raw data. When 
analysis of variance were used to test the hypothesis, the data were 
transformed using the arcsine square root transformation (Goulden 
1952). Analysis of variance was used to compare cattle and deer diets 
among seasons. 

Results and Discussion 

Vegetation Survey 
The forage composition among the fields was similar. Crest- 

ed wheatgrass dominated the flat-field habitat of the east (19%) 
and middle (29%) fields but also occurred on the tree habitat of 
the west field (6%). Bluebunch wheatgrass was the dominant 
forage on the tree habitat in each field (-23%) as well as a major 
representative on the south-slope habitat (- 10%). It dominated 
on the knoll habitat of the west field ( 19%) but was minor on that 
habitat in other fields. Sandbergs bluegrass (Poa sandbergii) 
decreased from the east to west fields. Needleandthread (Stipa 
comata) was also represented in major proportion in all habitats 
except the tree. Ocher grasses present, in decreasing order of 
importance, were cheatgrass (Bromus tectorum), sand dropseed 

(Sporobolus cryptandrus), Junegrass (Koeleria cristata), three- 
awn (Aristida longiseta), and rough fescue (Festuca scabrella). 

Cattle Distribution 
Not all cattle were located in each observation. The probable 

distribution of those not accounted (Table 1) was primarily the 
tree habitat and secondarily the knoll habitat, based on the 
searchability of each. 

Cattle distribution in fall appeared influenced primarily by 
forage availability and weather. In the first fall, cattle preferred 
the flatfield habitats, moved onto the flat-field and, occasional- 

ly, intercepted the knoll habitats, then back to the waterholes, 
where they normally rested. Resting also occurred anywhere 
along the feeding area when weather was favourable. During 
wind storms, however, the animals were more likely to be found 
in the shelter of the trees near the waterhole and less often in the 
depressions of the knoll habitat. Major changes in the distribu- 
tion patterns of cattle did not occur till late in the grazing period 
when the combination of snowfall, low temperatures, and heavy 
utilization of the flat-field habitat caused cattle to increase their 
use of the tree habitat where bluebunch wheatgrass protruded 
above the snow. 

The second fall (1973) was characterized by periods of 
snowfall and ,melt. During warm periods most cattle use 
occurred on south-facing slopes where wind and snow melt first 
exposed the forage. During intermittent periods of snowfall and 
cold weather, cattle occupied the tree habitat. This resulted in 
very little forage utilization on the flat field but a proportionately 
higher degree of use on other habitats (Table 2). 

Table 2. Consumption (percent estimated from clipping studies) of grass by 
cattle in each habitat during spring and fall. 

Habitat 

Period and South 
observations slope Knoll Flat field Tree 

Fall 1973 
Utilization 58 19 8 23 
Contribution to grass 

intake 29 21 4 45 

Spring I973 and 1974 
Utilization 49 47 71 35 
Contribution to grass 

intake 17’ 19 36 28 

I \‘,llues are the amounts OI forage removed trom a habltat a\ a percentage ofthe forage re- 

n~o\cd tram all habitats. 

In spring the proportion of occupation and use was greatest on 
the flat-field habitat and least on the south-slope habitat (Tables 
1 & 2). This may partly be explained as the reluctance of cattle 
to use steep slopes (Mueggler 1965). On the other hand, the tree 
habitat was not steep but, compared to the flat-field habitat, was 
used much less. Presumably the water holes, located near the 
edge and outside of the tree habitat, did not encourage use of that 
range. Another factor not well understood is forage quality. 

Table I. Daytime cattle distribution (percent) for 2 years on spring and fall range. 

Habitat 

Period 
Knoll Tree-open Tree Cattle not 

n South slope Range Waterhole Flat field ecotone Range Waterhole counted 

Fall 1971 757 I Ii 0 19 8 5 39 37 
Fall 1973 545 37 14 0 16 3 35 0 5 
Spring I973 1755 9 6 5 20 IO 14 19 17 
Spring 197-I 756 0 I7 0 41 20 2 0 20 
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Marquiss et al. (1974) found crested wheatgrass to be more 
palatable than bluebunch wheatgrass. In this study crested 
wheatgrass was also utilized to a considerably greater degree 
than the latter species. 

Deer Distribution 
Deer distributed themselves on spring range according to a 

diurnal pattern modified by external factors. Prior to cattle 
grazing, the deer used the south-slope, knoll and tree habitats to 
a similar degree throughout the season and used the flat-field 
habitat very little. The average number of pellet groups counted 
per plot in each habitat, and the standard error of their means, 
were 6. I +0.8, 5.720.5, 8.4kO.6, and I .0+0.8 from the first 
to the last habitat mentioned above. Periodic shifts in daytime 
distribution occurred in both winters that track and animal 
counts were made. In the first winter, use shifted from the tree 
habitat (95%) in January to the warm open south-facing slope 
(60%) at the end of February. Deer use continued on the 
south-slope and knoll habitats until early May (82%) when use 
again shifted to the trees (90%). In the second winter and spring 
most direct observations were made in the tree habitat (68%) 
while use of the open habitats was limited (32%) and occurred in 
April. It is possible the open habitat was used primarily for night 
feeding. Decline in use may have occurred that year as a result 
of low forage quantity and palatability on the open range. Low 
soil moisture and warm temperatures reduced forage production 
and accelerated phenological progression. This effect would be 
less severe in the tree habitat, where trapped snow and shade 
inhibited snow melt and evaporation. 

Cattle Diets 
Clipping studies in fall showed that the degree of grass use 

was greatest on the south-slope habitat and least on the flat-field 
habitat (Table 2). However, the tree habitat contributed most to 
total grass consumed. In spring, the degree of grass use was 
greatest on the flat-field habitat and least on the tree habitat. The 
tlat-field habitat also contributed more to total grass consumed 
than did the other habitats (Table 2). 

Grasses dominated the cattle diet in both seasons, as observed 
in rumen samples. Although the difference was small, the 
percentage of grass consumed was significantly (PsO.05) 
greater in spring (95.0) than in fall (91.9). Most of the 
remaining proportion consisted of tree species. The percentages 
of bluebunch wheatgrass, crested wheatgrass, and needleand- 
thread in the diet were estimated from the clipping studies to be 
-Cl, 23, and 25%, respectively. The remaining 1 1% was made 
up of Sandbergs bluegrass, Junegrass, and sand dropseed. The 
degree of use of the three major species were: bluebunch wheat- 
grass 10%) crested wheatgrass 79%) and needleandthread 5 1%. 

A major contributor to the forb component of the diet in fall 
was bassia (Bassia hyssopijolia). Important shrubs were pasture 
sage (Artemisia jrigidu) and rose (Rosa spp.) in both seasons. 

Ponderosa pine dominated the tree component of the diet in 
spring and shared dominance in fall with Douglasfir. 

Cattle selected primarily bunchgrasses in both spring and fall. 
Utilization of Sandbergs bluegrass was not observed in either 
season and could not be estimated from the clipping trials 
because of its short leaf length. Skovlin et al. (1976) showed 
that Sandbergs bluegrass was used to some extent by cattle in 
Oregon, where it appears to grow taller. 

Deer Diets 
The presence of grasses, forbs, shrubs, and trees varied 

considerably in the rumen samples of deer from mid-September 
to the end of April (Table 3). Grasses dominated the spring diet, 
while forbs declined from 23% in fall to 4% in spring. Shrubs 
were used extensively in both fall and mid-winter but were 
minor components in early winter and spring. Trees dominated 
the diet in early winter. 

The species composition of grass was estimated from obser- 
vations of tame deer. From mid-February to the end of May, 
deer diets on the knoll habitat averaged 2 1% bluebunch wheat- 
urass and 55% Sandbergs bluegrass. The percentage of blue- 
aunch wheatgrass remained relatively uniform throughout this 
period but the contribution of Sandbergs bluegrass ranged from 
88% in March to 6% in May. Cheatgrass was selected only in 
May when it comprised 24% of the diet. Junegrass increased 
from 2% early in the period to 18% in May. 

On the flat-field habitat Sandbergs bluegrass ranged from 
9-C% of the grass component in the diet in late February to 3% in 
May. Crested wheatgrass was next in importance, increasing 
from 6% in February to 55% in May. Other species, in order of 
their importance in the grass component of the diet, were 
bluebunch wheatgrass, cheatgrass, Junegrass, and needleand- 
thread. The species representing the forb component in the 
rumen samples varied throughout the period from mid-septem- 
ber to the end of April. In the first month the major species was 
tall wormwood (Artemisiu cnrnpestris); but in November, asters 
(Aster “pp.), thistle (Cirsium uwerzse), and twinflower (Lin- 
mleu bore&is) were important. Cactus (Opuntia jragilis) was 
also a major forb in the diet during December and January. 

The shrub component also varied in the rumen samples. From 
mid-September to the end of November, the evergreen shrubs, 
false box (Pachystimu myrsinites) and Oregon grape (Berberis 
r-epens), dominated. In winter and spring, however, the shrub 
component consisted primarily of pasture sage, big sagebrush, 
and rabbitbrush (Chrysothamnus nuuseosus), in approximately 
equal proportions. 

The tree component consisted almost entirely of Douglasfir. 
In late winter ponderosa pine represented about one-quarter of 
the tree component. 

Deer Winter Diet 
The winter diet of deer in the study area consisted mostly of 

Table 3. Composition (percent) of grasses, forbs, shrubs, and trees in the rumens of free ranging mule deer for five periods from September 15 to April 30. 

Plant type Period 
(Numberofsamples) 

-___ ____ 

Sept. 15Oct. 3 I 
(7) 

Nov. I-Nov. 30 
(20) 

Dec. I -Dec. 30 
(17) 

Jan. I-Mar. IS 
(1-l) 

Mar. I h-Apr. 30 
(91 

Grasses 
Forbs 
Shrubs 
Trees 
Nonvascular 

I .6+0.6a 2.7+0.2a 
33 .Ok 1.9a 21.1kl.la 
53.9-tZ.Ob 47.3? I .2b 

3.6k0.7a X.5? I .Oab 
17.9rt: 1.5b 6.320.7a 

O.Zk0.7a 
IS.22 I .?a 
17.Ikl.Oa 
63.9+- I .3c 
3.6+0.7a 

3. I -tO.kl 
ll.7tl.2a 
SO.72 I .5b 
33.0-r- I .Sb 

I .S?O.la 

4.020.9a 
I I .-I+ I .oa 
19.85 I .hab 
0.8t0.4a 
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Table 4. Defoliation, by deer, of plants found near tracks in the snow: and average snow depth for January and February in 2 years. 

Species 

Forbs 

Artemisia campestris 
Calochortus macrocarpus 
Chenopodium album 
Cirsium sp. 
Medicago sativa 
Penstemon procerus 
Tragopogon dubius 

Shrubs and trees 

Artemisiafrigida 
Artemisia tridentata 
Chrysothamnus nauseosus 
Juniperus spp. 
Pinus ponderosa 
Pseudotsuga menziesli 
Rosa . spp 

1972 1973 
Number plants Plants used % of total Number plants Plants used % of total 

available (%) stems used available (%) stems used 

363 4 1.0 
49 65 2.1 
58 93 3.5 

1 100 0.1 11 91 0.6 
5 60 4.2 
2 100 0.9 

11 36 0.4 153 86 8.4 

375 1 2.2 129 50 32.3 
120 9 25.6 1 0 
80 32 60.6 145 39 44.5 

6 67 7.1 4 0 
3 33 0.2 2 0 

21 29 3.6 11 55 2.5 
2 50 0.1 

Total 100 100 

Number surveys 
Total survey lengths(m) 

Number\tems utilized 

ALerage snowdepth (cm) 

1972 1973 

6 9 
508 715 
987 1559 

35 z 

Douglasfir, which appeared to be supplied primarily from 
branches that had frozen and broken off. Foliage from these 
branches was readily eaten and appeared to be very palatable. 
The branches came mainly from the upper part of old trees 
where agitation by wind is greatest and dislodgement more 
likely to occur. Tucker et al. (1976) found palatability to 
increase from the bottom to the top of old Douglasfir trees. The 
availability of this material is sporadic, however, and seems 
dependent on the depth of snow (Willms et al. 1976). In the first 
winter (Table 4) deep snow discouraged use of pasture sage, 
which resulted in greater use of the taller shrubs, big sagebrush 
and rabbitbrush. In the next winter, snow was not a factor and 
both pasture sage and forbs were used extensively. The role 
these forbs play in deer nutrition is not known. Their contribu- 
tion to the macronutrient intake cannot be considered important 
as they are low in crude protein (i.e. 3%) and presumably in 

digestible energy. They may, however, be sources of some 
micronutrients. 

Although big sagebrush contributed 26% of the diet, only 7% 
of available plants were used (Table 4). It would appear that 
individual plants were grazed repeatedly while neighbouring 
plants were unused. Hanks et al. (197 1) attributed this pheno- 
menon to genotypic variation which they were able to distin- 

guish by examining the composition of phenolic compounds. 
Similar work was done on rabbitbrush (Hanks et al. 1975) and 
Douglasfir (Radwan 1972). 

Deer Spring Diet 

Forage selection be deer in spring appeared to be in response 
to palatability and availability. The first new grass that became 
available was Sandbergs bluegrass. It was palatable forage and 
eagerly sought after by deer. Although leaf emergence in 
bluebunch wheatgrass and crested wheatgrass was only a few 
weeks later than Sandbergs bluegrass, its availability was 
related more to the extension of new tillers above the barrier of 
standing old growth. Availability of those two species was, 
therefore, related to the degree of prior fall grazing by cattle. 
The availability of bluebunch wheatgrass to deer on grazed sites 
was generally limited before mid-April and abundant after that 
time. 

Sandbergs bluegrass loses its palatability early in the season. 
Its shallow root system, a characteristic that ensures early spring 
growth, is responsible for early maturity as the plant responds to 
soil moisture depletion. The dependence of Sandbergs blue- 
grass on spring moisture results in high year-to-year variation in 
productivity and rate of maturity. 

Table 5. Average change WSEm) in the ground cover of major plant species, in relation to grazing, from June 1971 to June 1974 on the knoll habitat 
(n=6). 

Ground cover (%) 

Species East 

Grazed 

Middle West 

Ungrazed 

(3 fields combined) 

Agropyron spicaturn + 1.2*2.3a -0.4+ 1.9a +0.8-t:! 1 .a +3.02 1 .?a 

Artemisia tridentata +0.5+0.ha +1.5&3. la -5.7-+ 1.9a* -0.6k0.7a 

Bromus tectorum +1.3?0.8ab* + lo.?+-4.Oc” +8.0-+3.7bc* + 1.5+0.9a* 
PM sandbergii +2.3+ 1 .?a* +J.Or+l.la +0.3+0.8a +3.3+0.6a* 

Stilxr comuta -7.OS.Ob* - 14.8+ 1. lc” -7.2? I .7bc* -3.6? 1.4a* 

‘I.I).c f.lgurc\ tollo~~ci b) the smic letter in rows x-e not \lgnlficantly dltt’erent accordin g to Duncan‘\ multlplc range test (PS0.W). 
t h,mgc III co\cr hctuccn years I\ \lgnltlcantll (/X0 OS) greater than zero. 

302 JOURNAL OF RANGE MANAGEMENT 32(4), July 1979 



y = 87.05 + 0.26x 
R2 = 48% (Cattle) 

y = 96.2 + 0.002x 
R2 =. 0% (Cattle) 

80-1 

60- - y -3.492 = + 2.921x 0.026~2 
R2 = 50% (Tame Deer) 

10- y = -13.483 -I- 0.703 x 0.0087~2 + 0.00003~3 - 
R2 -2 50% (Free-Ralying Dow) 

/- ---,- 0 
OL -- 2--- /) 

1 I i I I 
Sept. Oct. Nov. Dec. Jan. 

I I I I 
Feb. Mar. Apr. May June 

wgressiotl is: cattle itt jdl, Nov. 3; urttle in spring. April 2; free-rmging deer, Sept. 15; rrrd trtttle deer. Feb. 14) 

Direct Deer-Cattle Interaction 
Although the species composition of grass used by free- The second condition that minimized competition was the 

ranging deer was not known, the use of that type by tame deer cattle grazing plan used. One field was vacant each spring. If 
was similar where comparisons could be made (Fig. I). The social interaction between deer and cattle existed or ifcompe- 
greatest potential for competition was for grass in spring. Two tition for food and space had occurred. the deer could have 
conditions occurred which negated realization of this potential. moved onto that field. This, of course, assumes that the deer 
One was the species composition of the grasses. Cattle preferred population was low enough that the other field was not fully 
crested wheatgrass growing on the flat-field, and it along with occupied. If it had been, competition would not have been 
bluebunch wheatgrass and needlethread, formed the bulk of alleviated. 
their diet in April and May. Utilization of Sandbergs bluegrass Social interaction between deer and cattle is thought to be 
by cattle was low. Deer diets in April, on the other hand, were minor. Skovlin et al. ( IC)7h) and Julander (1955) reported that 
dominated by Sandbergs bluegrass. Bluebunch wheatgrass and mule deer use did not decline on areas used jointly with cattle. 
crested wheatgrass, however, became major constituents in Kraemer ( 1973) observed no interference between mule deer 
their diets in May. It is in this month that competition is most and cattle when the distance between them was greater than -!7 
likely. m: avoidance was observed with shorter distances. 

‘b&k 6. Ileer use determined by pellet group counts from three fields for 5 years and spring and fall cattle stocking levels for _I years. 

- ~~__ 
East 

Total deer pellet 
I’txr and group counts Cattle stoching 
Grarmg period in spring Use (%) level4 

I971 215 32 
Spring Nil 
Fall High 

I973 64 56 
Spring Nil 
Fall Light 

197-l 201 25 
Spring Moderate 
Fall Nil 

I975 13-l 3.3 
Spring Light 
Fall Light 

1976 281 31 
--. 

L lCh1. ‘- \ i) lu \Ckl. .\lotlerate. 2 0 IO 3.0 hc~ AL Xl. Hugh. < 1 0 h<uAl’hl 

Middle 

Use ( (I/; ) 

35 

Cattle stochinf 
level 

Nil 
Nil 

25 
High 
NII 

Light 

Light 

Nil 
Moda-ate 

43 

Cattlc stoching 
level 

Nil 
Light 

Light 
Lqht 

Nil 

Moderate 

Hqh 
Nil 
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Indirect Deer-Cattle Interaction 
Fall grazing by cattle may affect deer distribution in spring. 

The year-to-year variation of distribution and use was observed 
with permanent pellet survey transects and compared to pre- 
vious cattle grazing (Table 6). The 1972 counts followed 7 years 

of rest from cattle grazing and could be considered an indication 
of what distribution would be if cattle had not been allowed on 
the range. Use among the fields was even, indicating there was 
no selection for one field over the others. After the first grazing 
year ( 1973) there was a decline in the total number of pellet 
uroups counted and a shift in use from the west and middle fields ti 
into the east field. The decline in use could be attributed to the 
mild winter of 1972-73, during which the deer remained on the 
upper ranges until early spring. The shift into the east field was 
in response to the heavy cattle grazing the previous fall which 
reduced the stubble height of bluebunch wheatgrass and crested 
wheatgrass. This ensured that spring growth was available to 
deer earlier in that field than in the others. The same response 
was noticed the foliowing year when heavy spring grazing in the 
middle field was followed by a shift in deer use to that field. The 
next year ( 1974) all fields were grazed moderately and deer use 
again was divided evenly among fields. In the last year, deer use 
shifted to the middle field despite heavy fall use in the west 
field. The effect of heavy grazing was negated by two factors: 
one was a wet summer that allowed greater than normal 
vegetative growth so that the stocking level was moderate; the 
second factor was a fall fire in the middle field, which simulated 
the effect of heavy grazing. A d-year summary of results, based 
on average percent use following four full stocking levels, is: nil 
grazing, 35%; light grazing , 267~; moderate grazing, 36%; and 
high grazing, 56%. 

Spring grazing ievels also demonstrated an effect on deer 
distribution. Average use following four stocking levels of that 
Season were: nil, 2%; light , 26%; moderate, 33%; and high, 
-4.2’4. The factors affecting this response are not clear. It is 

Increase Forage Production 
Plant PERMA-PEL 
Range & Pasture Mixes 
Depend on Ramsey Seed - long a leader in range 
improvement programs - for the finest clover, sub- 
clover, and grass seed mixes. Ramsey provides 3 
general mixes for varying rainfall and soil conditions 

plus special mixes for special situations. Introduce 
i&r range improvement program to Rhizo-Kate@ and 
Nutri-Kate@‘. The seed coatings that provide a con- 
trolled germination zone, aids seedling establishment, 
and offers optimum rhizobia viability for root nodula- 
tion of legumes. 

Write or phone for seed mix quotes 
free range seeding brochure) 

(and for a 

possible that spring grazing reduces litter buildup, thus reducing 
the barrier to green forage in the spring. 
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Production Response of Native and Intro- 
duced Grasses to Mechanical Brush Manipu- 
lation, Seeding, and Fertilization 

C.L. GONZALEZ AND J.D. DODD 

Abstract 

Effects of two mechanical brush manipulation treatments (root- 
plowing and front-end stacking) with and without grass seeding 
and with and without nitrogen fertilization on herbaceous forage 
production were investigated in the Rio Grande Plain of Texas. 
Total herbaceous production @-year average) was 5,981 for root- 
plowing and 4,789 kg/ha for front-end stacking as compared with 
1,178 kg/ha for the undisturbed control. The 4-year average yield 
of buffelgrass (Cenchrus ciliuris L. (L.) Link) seeded alone con- 
tributed 53% of total herbaceous production on plots with root- 
plowing, 73% on plots with front-end stacking, and 38% on control 
plots. The combined yield of three native species, pink pappus- 
grass (Puppophorum bicolor Fourn.), four-flower trichloris 
(Trichforis pluriflora Fourn. ), and Arizona cottontop (Digitaria 
culifornica (Benth) Henr.), seeded as a mixture contributed 41% 
of the total herbaceous production on plots with rootplowing, 28% 
on plots with front-end stacking, and 11% on control plots. The 
application of 45 kg/ha nitrogen significantly increased total 
herbaceous production the season after application. 

Population increases have caused concern about increasing 
needs for red meat as food source throughout the world. The key 
for increasing beef and wild game production is increasing 
native and introduced herbaceous plant production, thus making 
more food available to grazing animals and ultimately to man. 

On the Rio Grande Plain in Texas, the invasion of woody 
plants and cacti has reduced available grass forage. About 85% 
(5.5 million ha) of the Rio Grande Plain rangeland supports at 
least a 20% brush canopy cover (U.S. Dep. of Agr. 1964). 
Conceivably, many range sites of the Rio Grande Plain are 
producing at only 25% of their forage potential, and much of the 
native rangeland of Texas is producing far below potential 
(Texas Conservation Needs Committee 1970). 

Rootplowing, a mechanical manipulation practice that cuts 
off the brush below ground by means of a horizontal blade 
pulled behind a tractor, generally at a depth of 35 to 40 cm, has 
been highly effective in combatting dense stands of mixed 
brush. However, in low rainfall areas, the practice could destroy 
a large percentage of the desirable perennial grasses and cause 
the invasion of annual grasses and weeds (Fisher et al. 1959). 
Mathis et al. (1971) reported that in Throckmorton County, 
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Texas, rootplowing decreased grass production for the next six 
(Trowing seasons, In west Texas, Hughes (1966) reported more 2 
total production after rootplowing, but forbs and annual grasses 
constituted the major vegetation. In the coastal prairie of Texas, 
Powell and Box (1967) concluded that controlling brush with a 
minimum soil disturbance was the most reliable method for 
improving vegetative composition and increasing forage pro- 
duction. They also concluded that N fertilizer increased forage 
production, but also caused an increase in the amount of 
undesirable forage species. 

Dodd ( 1968) reported that in the Rio Grande Plain, dragging 
followed by rootplowing resulted in the establishment of a 
relatively brush-free grassland with an increase in forage 
production. 

Fisher et al. ( 195’3) reported that seeding of grasses produced 
(rood stands of native and introduced grass species after root- 
ilowing and diskin g in northwest Texas. However, on the 
Rolling and Southern High Plains, Jaynes et al. ( 1968) reported 
that seeding native grasses after rootplowing often resulted in 
unsatisfactory stands. 

Front-end stacking, a recently introduced mechanical prac- 
tice, has not been thoroughly evaluated. A front-end stacker is a 
modified dozer blade using a toothed, rake-like “stacker” with 
teeth 14 to 36 cm apart. The teeth pull up the plants by the roots. 
In the Coastal Prairie of Texas, Powell and Box ( 1967) found 
that scalping, a manipulation similar to front-end stacking, 
decreased herbage production. 

In view of these inconsistent results of brush manipulation on 
forage production, we conducted this study to further evaluate 
the effects of rootplowin, (7 and front-end stacking with and 
uithout grass seeding and with and without N fertilization on 
hcrbaceous forage production on the Rio Grande Plains of 
Texas. 

Materials and Methods 

Study Area 
The study area is on the southern edge of the Rio Grande Plain, 

about 38 km north of Rio Grande City, Starr County, Texas. 
Long-term average annual precipitation is 13 cm and is exceeded by 
potential evaporation four times (U.S. Dep. Commerce 1970). Most 
precipitation occurs as thunderstorms that are unevenly distributed 
both geographically and seasonally. Occasionally, tropical distur- 
bances produce heavy fall rains; thus, September has the highest long 
term monthly rainfall average, with another rainfall peak in late May 
or early June from squall-line thunderstorms. 

Summer temperatures are high, and daily maximum temperatures in 
July and August are usually 38°C or higher (U.S. Dep. Commerce 
1970). Fall freezes occur 7 out of IO years, and spring freezes occur 9 
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out of IO years. The average length of the growing season is 305 days 
(U.S. Dep. Commerce 1970). 

tions of two harvests per year (June and November). 
Soil infiltration measurements were determined in 

The study area is a sandy loam range site with level to gently sloping 
all subplots of 

one main plot replication with the technique described by Wiegand et 
topography (0 to 5%). The associated soil types are McAllen and al. ( 1966) using water from a nearby well containing 2,220 ppm total 
Brennan sandy loams, which are soils with noncalcareous fine sandy salts. Soil moisture before infiltration was determined gravimetri- 
loam surfaces and sandy clay loam subsoils. The Brennan series is a 
member of the fine-loamy, mixed, hyperthermic family of Aridic 
Haplustalfs; the McAllen series belong to the hyperthermic family of 
Ardic Ustochrepts. The fine sandy loam surface ranges from about 25 
to 50 cm deep. Permeability of the subsoil is moderate. The water 
holding capacity and fertility of these soils are high; thus, this site has a 
high production potential. 

The dominant woody plant species include cenizo (Leucophyllum 
jrutescens (Berl.) I.M. Johnston), blackbrush acacia (Acacia rigid& 
Benth.), coyotillo (Kurwinskia humbofdtiunu (R&S) Zucc.), coma 
(Bumeliu celustrinu H.B.K.), mesquite (Prosopis glundulosu Torr.), 
and capul (Schuefleriu cuneifoliu Gray). Brush density consists of 
about 4,900 plants/ha with 35% canopy cover. 

Dominant grass species include Wright’s threeawn (Aristidu 
wgrightii Nash.), Texas bristlegrass (Seturia texuna Emery.), hooded 
windmill grass (Chloris cucullutu Bisch.), and red grama (Boutelouu 
trijida Thrub.). Forb cover was sparse, with west& ragweed (Am- 
brosia psilostuchya D.C.), ragweed parthenium (Parthenium 
hysterophorus L.), rose palafoxia (Pulafoxiu roseu (Bush) Cory), and 
lazydaisy (Aphunostephus skirrhobasis (D.D.) Trel.) recurring as 
dominants. 

Treatments 
Mechanical treatments were established during June 1972 on native 

undisturbed brushland in poor condition due to overgrazing. A split- 
block design had main plots of two mechanical brush-manipulation 
treatments (rootplowing and front-end stacking) and an undisturbed 
control. Each replication or block consisted of three 2.4-ha strips, one 
strip each for rootplowing, front-end stacking, and the control. Each 
strip was divided equally into three 0.8-ha subplots, which were 
seeding treatments of (1) a single species, buffelgrass (Cenchrus 
ciliaris (L.) Link, at 2.2 kg/ha, (2) a mixture of five native grass 
species (Table I), and (3) unseeded. Subplots were hand seeded 
between August 31 and September 6, 1972. Each subplot was split 
into two subrsubplots (0.4 ha each) with one receiving 45 kg/ha N and 
the other receiving no fertilizer. All treatments were replicated three 
times. Nitrogen (as ammonium nitrate) was applied about 1 year after 
seeding (August 1973). Thus, the experimental plot layout consisted 
of fifty-four 0.4-ha plots. 

A standard recording rain gauge was used to measure rainfall. 
Rainfall amounts recorded were 86,60,55, and 73 cm for 1973, 1974, 
1975. and 1976, respectively. 

All plots were defe! :d from domestic livestock grazing until 
January 1974. Then they were grazed from late spring to early summer 
and again in late fall each year. The number of animal units varied each 
year, but plots were grazed for 90, 140, and 135 days for 1974, 1975, 
and 1976, respectively, which was about 60% utilization each year. 

Herbaceous forage production was determined by clipping all 
vegetation at ground level in twenty 0.5-m’ quadrats on each subplot 
All grasses and forbs in each quadrat were identified, counted, and 
recorded. Each species was clipped separately and yields were 
determined by species. Vegetation samples were oven dried at 68”C, 
and yields were reported as oven-dried weight. Yields are accumula- 

tally. 
During the study, soil moisture was determined by neutron scatter- 

ing techniques (Stone et al. 1955). Access tubes were installed in all 
plots of one replication. Two tubes were located in each plot to a 
90-cm depth. Soil moisture was measured weekly at 30-cm depth 
increments, and these data were converted to centimeters of water/30 
cm of soil. 

Plant nomenclature follows Gould (1969) and Con-e11 and Johnston 
( 1970). Data were analyzed statistically by the analysis of variance 
method (Cochran and Cox 1956). 

Results 

Before treatment, the study area supported a dense stand of 

Fig. I. Vegetation condition in I972 prior to mechanical brush manipulation 
(lrpper), 3 years ajter rootplowing and seeding to buffelgrass (center), and 3 
?rcrr.r ajter front-end stucking und seeding to buffelgrass (lower). 
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Table 2. Effects of mechanical brush manipulation and seeding on total herbaceous yield (kg/ha) for 4 years after treatment. 

__ 
Mechanical treatments 

Seeding treatment R.P.’ F.E. C Mean R.P. 

1973’ 

3518 5053 ‘165 3579a:’ 6839 Bu ffelgrass 
Native mixture 1235 I!446 1181 27’lb 5390 
Nonseeded 3106 3337 175-l 236lb 1988 ____ 

Mean 3670a 3240a 1800b 5739, 

1975 

Buffelgass 8480 5532 1308 Sl07a 936 I 
Native mixture 5199 4172 1652 3731b 8595 
Nonseeded 1503 356.1 1578 32lSc 712.1 

Mean 6137a 1406b lSl3c 8126a 
_ 

’ \l~zhan~c,~l treAmc‘nts &ire rootplou~n, (7 (K P ). tron-end st,lcl\lng (F E.). and undl\turhed control (C ) 

~____ 
F.E. C Mean 

_____ 
1971 

7364 1518 5250Ll 

1178 1710 3869b 
3963 2185 37l’b 
5268a I821b 

1976 

7-w 3381 h7O’a 
5984 3397 5992a 
5177 39-H 5518~1 
611lb 357sc 

woody species (Fig. I ); but 3 years later, after rootplowing and 
front-end stacking, woody plant density had decreased. Brush 
species were controlled more effectively with rootplowing than 
with front-end stackin g, but forage production was increased by 
both mechanical treatments. 

rootplowing seeded to buffelgrass than for any of the other 
treatments. 

80 ROOTPLOWED 

1 1 
STACKED CONTROL 

1 
Total Herbaceous Production 

Mechanical treatments, with and without grass seeding, 
significantly increased total forage yields (Table 2). Forage 
production from the root-plowing treatment was two, three, and 
fourfold greater than that of the control in 1973, 1974, and 
1975, respectively. In 1976, production was higher for all three 
main treatments, which was attributed to the high rainfall 
received during the growing season. Rainfall greater than 2.5 
cm was received every month from March to December. 
Buffelgrass was the main contributor to the high forage pro- 
duction for the control treatment in 1976. By 1976, buffelgrass 
had invaded all unseeded plots of the control treatment as well as 
those of the rootplowed and front-end stacked treatments. Mean 
yields for rootplowing and front-end stacking treatments did not 
differ significantly (P~0.05) from each other in 1973 or 1974, 
but both treatments had significantly higher forage production 
than did the control. In 1975 and 1976, forage yields from the 
rootplowed treatment were significantly higher than that from 
either the front-end stacking treatment or the control. However, 
yields from front-end stacking treatment were significantly 
higher than that for the control. Mechanical treatments inter- 
acted significantly (P~0.05) with grass seeding treatments in 
1975. 

m 80 

d 
F 60 

40 

When we compared seeding treatments, buffelgrass seeded 
plots produced significantly more forage than did the native 
mixture treatment and the nonseeded treatments for the first 3 
years. In 1973, 1971, and 1976, herbage yields from the native 
mixture seedings and nonseeded treatments were not signifi- 
cantly different. In 1975, all three seeding treatments different 
significantly from each other with buffelgrass the highest 
yielder, followed by the native mixture, and then the nonseeded 
treatment. 

80 
- BUFFEL GRASS 

- NON-SEEDED 
60 

The application of N significantly (P~0.05) increased total 
forage production only during the season after application 
( 197-C). Forage production was increased 20 and 12% over that 
of the control, respectively, for rootplowed and front-end 
btacked treatments (data not shown). There were significant 
interactions (P<O.OS) between fertilizer and mechanical treat- 
ments. The interaction indicated better fertilizer response to 

0 
A 0 C D’E F ABCDEF ABCDEF 

Fig. 1. Herbtrc~eorrs jorcrge yields by species from 197-g to 1976 ttjter root- 

plo\c~irrg, jrottt-etrcl .stackittg. trttti 110 tretrtwtettt uttd seeded to hujfe1~~rtr.s.s. (1 

tttixttrre oj jitle tuttive c~rtr.s.se.s. cd twtt.seedetl. Species \c*ere hlr~e1grct.s.s (A). 

pltritr.\ hri.~tlegrtr.s.s (B). jmrr-jlmver trich1ori.s (C). Arixttttr cottotttop (D). 

Ijitrh ptrl,ltlr.sgrtrs.s (E). trrtd totd jorbs (F). Etrclt but- represtwts percetrt oj tile 

j ot (I It’ 11oc itc t’c ‘,< I- 1 II ?y etii4 .specicJ.s oti ctrclt oj tlie direr seeclitrg trecitttletrts. 

JOURNAL OF RANGE MANAGEMENT 32(4), July 1979 307 



Forage Production by Species 
The contributions of selected species to total herbaceous 

production under the mechanical treatments and the undisturbed 
control are shown in Figure 2. Buffelgrass was the most 
important single species contributing to forage yields regardless 
of treatment. Buffelgrass spread outside the seeded areas; 
moreover, the percent of buffelgrass production progressively 
increased from 1973 to 1976 on all treatments. The remaining 
herbage on the buffelgrass plots was primarily from nonseeded 
grasses and forb species. 

In the mixture treatment, three seeded native species (pink 
pappus, four-flower trichloris, and Arizona cottontop) com- 
bined accounted for better than 20% of total yield all 4 years. 
The rest of the forage in this seeding treatment was produced by 
buffelgrass. voluntary nonseeded grasses, and forbs. 

Major grass species on the nonseeded plots contributing to 
total herbage production included hooded windmill, Wright’s 
threeaw n, red grama, sand dropseed (Sporobolus cryptandrus 
(Torr.) Gray), Texas bristlegrass, and false witchgrass (Lepto- 
lomr c~ognatum (Schult.) Chase). However, these species 
accounted for less than 40% of the total forage each year. The 
remaining herbage on this treatment was produced mostly by 
but’felgrass, four-flower trichloris, and forbs. 

Forb contribution to total production was high the first year 
for both mechanical treatments, but decreased with time the last 
3 years. Major forb species contributing to herbaceous yield 
included rose palafoxia, western ragweed, ragweed parthe- 
nium. bristleleaf dogweed (Dypsodia tenuiloba (D.C.) Robin- 
son). and espanta vaqueros (Tidestromia lanuginosa (Nutt .) 
Standl.). 

Infiltration Relationships 
During infiltration tests, the soil was uniformly dry. At the 

initial test (August 1972), the 0- to 90-cm soil depth moisture 
content averaged 6.3%. At the second test (January 197.5), the 
O- to 90-cm soil depth moisture content averaged 7.6%. 

Initial infiltration rates for soil subjected to rootplowing and 
front-end stacking were significantly higher than that for the 
control (Fig. 3). However, 30 months later, there were no 
significant (PcO.05) differences between treatments. During 
the first 5 minutes of the initial test, the infiltration was 55.5, 
3 I .O, and 17.0 cm/hr for rootplowing, front-end stacking, and 

m ROOTPLOWED Y=.86+(288.2/X),r=.91 

- FRONT- END STACKED Y=.22+(148,5/X),r=.93 

I CONTROL Y=.l6+(7ZO/X),r=.91 

0’ 
;rlO IO 
a 
E 
-I 

It 

-I 

5 

TIME, MINUTES 

oj rcvrter irljiltrtrtiorr rates for two mechanicul mani- 

culd (I corltrol (August 1972). Data points are plotted ut 

iuter\wl oj measurement. 

(r) [ire stated ujter e&i 

Curve equation jufuwction 

treatment. 

control treatments. This accounted for about 35% of the tota] 
water infiltrated during the first I-hr test for all treatments. 
Rootplowed plots had the fastest infiltration rate during the first 
100 minutes, but after that, front-end stacking plots had the 
fastest rate. For all time intervals up to 120 minutes, root- 
plowing and front-end stacking treatment values were 2.5 and 
1 .i’ times greater than those for the control, respectively. 

Thirty months after the mechanical treatments were applied, 
the infiltration rate for the first 5-minute interval was 18.8 cm/hr 
for both mechanical treatments and 17.0 cm/hr for the control, 
which accounted for 5 1% of the total water infiltrated the first 
hour. 

Water Relationships 
Water use efficiency in grassland ecosystems is difficult to 

measure and interpret due to evaporation and transpiration 
losses, rainfall distribution patterns, varying amounts of ground 
cover, runoff, and soil disturbances. 

Soil moisture data from March to December 1973 showed 
that initial soil moisture measurements were similar for all three 
treatments (Fig. 4). However, after June, soil moisture after 
rootplowing and front-end stacking was consistently higher than 
that for the control. Following high intensity rainfall (for 
example 16.5 cm in June and 22.2 cm in September), root- 
plowing and front-end stacking accumulated more soil moisture 
than did the control. Only in August, after only 0.50 cm of 
rainfall in July, was soil moisture depleted to about the same 
level on all treatments. 

We compared soil moisture depletion for a 2 1 -day period of 
no rainfall (July 5 to 26). On July 5, soil moisture at the 0- to 
:-&m depth was 8.8,9.0, and 7.5 cm of water for rootplowing, 
front-end stacking, and the control treatments, respectively. 
On July 2~3, soil moisture was 4.1,4.4, and 3.5 cm for the three 
treatments, respectively. 

When we measured soil moisture at the 0- to 90-cm depth, 
soil moisture after rootplowing and front-end stacking treat- 
ments was depleted by 0.33 cm/day as compared with 0.23 
cm/day tor the control. However, after 21 days, these two 
treatments still had more soil moisture for forage production 

308 JOURNAL OF RANGE MANAGEMENT 32(4), July 1979 



than did the control, which reflected their higher infiltration 
capacity. 

Discussion 

Moisture data from this study helped to determine whether 
production increases are caused by more moisture in soil profile 
after brush removal and plowing (rootplowing) or more avail- 
able moisture due to no plowing but less plant competition after 
woody plant removal (front-end stacking). It was apparent from 
the water infiltration and moisture use relationships that both 
mechanical treatments increased total forage production as 
compared with the control treatment. The large increase in 
production reflected the higher water infiltration rates and 
reduction in competition from woody plants after mechanical 
treatments. As a result, more soil moisture was available for 
plant growth of desired species. The increased grass herbage 
production during the 4-year study (seeded vs unseeded) was 
associated with the response of buffelgrass to above-average 
rainfall. 

Buffelgrass herbage production in I97h constituted about -I-C 

and 5 I c/c of the total grass production on both mechanical and 
control treatments, respectively. Even though buffelgrass con- 
tributed a higher percent of forage on the control plots, total 
production was less due to lower plant density. However, 
invasions of buffelgrass plants on all treatments indicated this 
species’ fast response to rainfall and its competitive ability with 
other perennial grass plants. The contribution to total yield by 
three native seeded species (pink pappus, plains bristlegrass, 
and Arizona cottontop) was generally highest the first 2 years 
following treatment and declined as time passed. Plains bristle- 
~YXSS completely disappeared in 4 years, probably from selec- 2 
tive heavy grazing. Four-flower trichloris, a seeded native 
species, increased with time for both manipulation treatments, 
but grazing animals did not utilize this species as much as they 
did other species. It was observed that the order of utilization by 
cattle was buffelgrass > plains bristlegrass > cottontop and 
pink pappus > four-flower trichloris. 

The percent herbage contributed by voluntary native non- 
seeded grass species was consistent for mechanical manipula- 
tion treatments over time. Seeding and mechanical brush 
manipulation did not result in a significant change in herbage 
contributed by the volunteer nonseeded native species; how- 
ever, a shift in some species did occur. 

Percent herbage contributed by volunteer nonseeded grass 
species in the undisturbed control decreased from 1973 to 1976. 
The decrease in these species was attributed to the ability of 
buffelgrass to successfully compete with native grasses. 

Herbage constituted by forbs was high the first year for both 
mechanical manipulation treatments, but by the fourth year it 
was down to 3%. The control treatment averaged about 10% 
for-b herbage production and was generally consistent over time. 
The invasion of forbs as occurs in secondary succession 
t’ollowing mechanical treatment poses a problem the first year; 
however, with time, forb densities decrease. 

The change in grass composition from native species to 
buffelgrass will occur when buffelgrass is seeded. Observations 
from this study indicated that buffelgrass is more preferred by 
cattle than native grasses and is grazed more readily. Moreover, 
its fast growth characteristics and rapid recovery following 
lainfall promotes its ability to predominate or invade. Buffel- 
grass should not be seeded where a diversity that includes native 
perennial grasses is desired. 

Herbage production on the rangelands of the Rio Grande 

Plain can be increased by fertilizer application. In this study, 45 
kg/ha N, applied in the fall significantly (P~0.05) increased 
herbage production following both mechanical manipulations 
as compared with the control. However, the increase was only 
for the season following application, and no effect was evident 
during the second season. Perhaps at higher rates of application, 
residual responses could be obtained, but this would depend on 
seasonal rainfall after application. Another alternative would be 
to reapply a smaller amount each year rather than to try to carry 
over residual effects. 

Summary and Conclusions 

Vegetation of much of south Texas rangelands has changed 
since domestic livestock were introduced some 100 or more 
years ago. Generally, the change has been characterized by a 
reduction in perennial grasses and an increase in woody plants 
and cacti. 

Mechanical manipulation of brush followed by grass seeding 
decreased or retarded brush growth and increased forage pro- 
duction threefold to fourfold. However, the major portion of 
forage increase was attributed to an introduced perennial grass, 
buffelgrass. The success of buffelgrass seeding can be enhanced 
(Treat14 by 2 rootplowin g to increase water infiltration. New 
heedings must be protected from domestic livestock grazing for 
at least one growing season, and longer periods are desirable. 

Application of -CS kg/ha N increased both annual and peren- 
nial grass herbage production in the mechanical treatments, but 
showed no effect in production in the undisturbed control. 
However, the increase lasted only one season. The cost/benefit 
analysis for using small amounts of fertilizer annually to 
increase the rate of range improvement and to improve distribu- 
tion of use needs to be evaluated. 

Literature Cited 

Cochran, W.G., and G.M. Cox. 1956. Experimental Designs. John Wiley 
and Sons, Inc., New York. 15-l p. 

Correll, D.S., and M.C. Johnston. 1970. Manual of the vascular plants of 
Texas. Texas Res. Found., Renner, Texas. 188 I p. 

Dodd, J.D. 1968. Mechanical control of pricklypear and other woody species 
on the Rio Grande Plains. J. Range Manage. 2 I:366-270. 

Fisher, C.E., C.H. Meadors, R. Behrens, E.D. Robinson, P.T. Marion, 
and H.L. Morton. 1959. Control of mesquite on grazing lands. Texas A&M 
Univ., Tex. Agr. Exp. Sta., College Station. Bull. 935. 

Gould, F.W. 1969. Texas Plants: A checklist and ecological summary. Texas 
A&M Univ., Texas Agr. Exp. Sta., College Station. 12 I p. 

Hughes, E.E. 1966. Effects of rootplowing and aerial spraying on micro- 
climate, soil conditions, and vegetation of a mesquite area. Texas Agr. Exp. 
Sta. Misc. Pub. 8 12. 

Jaynes, C.C., E.D. R o mson, and W.G. McCully. 1968. Rootplowing and b’ 
revegetation on the Rolling and Southern High Plains. Texas A&M Univ., 
Tex. Agr. Exp. Sta., College Station. Prog. Rep. 258-1. 

Mathis, G.W., M.M. Kothmann, and W.J. Waldrip. 1971. Influence of 
rootplowing and seeding on composition and forage production of native 
grasses. J. Range Manage. 31:13-47. 

Powell, J., and T.W. Box. 1967. Mechanical control and fertilization as 
brush management practices affect forage production in south Texas. J. 
Range Manage. 20:227-2.35. 

Stone, J.F., D. Kirkham, and A.A. Read. 1955. Soil moisture determina- 
tion by a portable neutron scattering moisture meter. Soil Sci. Sot. Amer. 
Proc. 19:119-423. 

Texas Conservation Needs Committee. 1970. Conservation needs inventory, 
Texas. 1970. Soil Conserv. Serv., U.S. Dep. Agr., Temple, Texas. 297 p. 

C.S. Dep. Agr. 1964. Grassland restoration: The Texas brush problem. Un- 
numbered Bull. U.S. Dep. Agr., Soil Conserv. Serv., Temple, Texas. I7 p. 

U.S. Dep. Commerce. 1970. Climatological Summary. Brownsville, Texas. 
46 p. 

Wiegand, C.L., L. Lyles, and D.F. Carter. 1966. Interspersed salt-affected 
and unaffected dryland soils of the Lower Rio Grand Valley. II. Occur- 
rence of salinity in relation to infiltration rates and profile characteristics. Soil 
Sci. 30: 106-I IO. 

JOURNAL OF RANGE MANAGEMENT 32(4), July 1979 309 



Effect of Grazing by Cattle on the Abundance 
of Grasshoppers on Fescue Grassland 

N.D. HOLMES, D.S. SMITH, AND A. JOHNSTON 

Abstract 

Grasshoppers were collected annually from 1970 to 1976 in late 
August from experimental fields of fescue rangeland that had been 
grazed by cattle at four rates of intensity. Sixteen species of 
grasshoppers were found but only four species constituted 90% of 
the population. Chorthippus longicornis, Melanoplus sanguinipes, 
Aeropedellus cluvatus, Neopodismopsis abdominalis, and M. bivit- 
tatus were more abundant on the lightly and moderately grazed 
fields, whereas M. dawsoni, M. gladstoni and M. infantalis were 
more abundant in the heavily and very heavily grazed fields. 
Camnula pellucida was randomly distributed among the four 
fields. Generally, more grasshoppers were collected from the 
heavily and very heavily grazed fields than from the lightly and 
moderately grazed fields. 

The distribution and abundance of various species of grass- 
hoppers are related to the composition and density of the 
vegetative cover on native grasslands (Anderson 1964). There- 
fore, changes in the vegetative cover should result in changes in 
grasshopper populations. It has been demonstrated that reno- 
vations of rangeland involving contour furrowing and scalping 
reduced the numbers of most species of grasshoppers in a test 
area (Hewitt and Rees 1974). Anderson ( 1964) has suggested 
that grazing practices may affect the abundance of grass- 
hoppers, and Bird ( 196 1) postulated that overgrazing by buffalo 
created an environment that favored outbreaks of grasshoppers 
in the plains area. A general review of the subject has been 
recently published by Hewitt (1977). 

The study reported here was initiated to determine if different 
intensities of grazing affect the densities of various species of 
grasshoppers on native fescue rangeland. An experimental area 
in the foothills of southern Alberta on which controlled in- 
tensities of grazing by cattle had been applied for 19 years 
provided a unique opportunity for this work. 

Materials and Methods 

The study was done from 1970 to 1976 on four fields at the Stavely 
Range Research Substation located on a fescue grassland range 100 
km northwest of Lethbridge, Alta. 

Each of the fields had been grazed since 195 1 at one of four 
intensities: light-O.8 ha/animal unit/month; moderate-O.6 ha/ani- 
mal unit/month; heavy-O.4 ha/animal unit/month; and very heavy- 

N D Holme\ and A. Johnwn are entomologist and range ecologkt. respectively. 
Kc\c‘irch StatIon. Apriculturc Canada. Lethbridge. Alberta. CanadaTlJ 4BI; D.S. Smith 
i\ cnt~m~ologi~t. no& retlrcd tram Research Station. Agrwlture Canada. Lethbridge. 

kl,tnuscrlpt rccclbcd June 28. Ic)7X. 
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0.2 ha/animal unit/month (Johnston et al. I97 I). The grasshoppers on 
each of the four fields were sampled in late August each year with I 00 
sweeps of a standard insect net, except in 1974 and 1975 when 50 
sweeps were taken. The samples, which were brought into the 
laboratory for ide’ntification and enumeration, are reported on the basis 
of 50 sweeps per field. 

The relative frequencies of the components of the vegetation in the 
four fields and the yields of these components, which had been 
measured before the start of this experiment (Johnston et al. 1971), 
were measured again in 1977. 

Results and Discussion 

The progressive increases in rates of intensity of grazing 
progressively decreased the area covered by grasses, increased 
the area covered by forbs, but had no effect on the sedges among 
the four experimental fields. Very heavy grazing created a drier 
microclimate with increased soil temperature and decreased soil 
moisture (Johnston et al. 197 1). Measurements in 1977 con- 
firmed that the average percentage composition and basal area 
and yield of various components of the vegetation reflected the 
grazing treatments. The dominant grass, Festuca scabrella 
Torr., decreased as grazing intensity increased. Similarly, the 
amounts of grasses, forbs and shrubs, and litter decreased as 
intensity of grazing increased. Grazing produced a lower- 
growing type of cover that was less dense than on the lightly 
grazed fields. The total above-ground vegetal biomass was 
lowest on the very heavily grazed field; the lightly grazed field 
produced 1,67 1 kg/ha of vegetation and 1,864 kg/ha of litter 
compared to 82 kg/ha of vegetation and no litter from the very 
heavily grazed field. 

Sixteen species of grasshoppers were found but only the most 
common are listed in Table 1. Other species found were 
Encoptolophus sordidus (Scudder), Melanoplus bruneri 
Scudder, M. joedus Scudder, M. oregonensis (Thomas), Opeia 
obscura (Thomas), Psoleossa delicatula (Scudder), and Xan- 
thippus sp. 

Of the four species that constituted 90% of the population, 
Melanoplus dawsoni was more prevalent every year on the 
heavily and very heavily grazed fields, whereas Chorthippus 
longicornis, every year, and M. sanguinipes, except in 1972, 
were more abundant on the lightly and moderately grazed fields 
(Table 1). Camnula pellucida appeared to be randomly dis- 
tributed among the four fields. 

The responses of the different species of grasshoppers to the 
changes in vegetative cover appear to be related to their food and 
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‘fable 1. Mean numbers of grasshoppers per 50 sweeps on fields at Stavely 
Substation subjected to four rates of grazing, 1970-76. 

Intensity of grazing of field 

Very 
Species of grasshopper Light Moderate Heavy heavy Mean 

Meltrr1c~plus duwsoni 
(Scudder) 46.6 53.4 90.0 132.0 80.3 

Chortizippus lor2gicornis 
(Latr.) 61.9 47.0 40.6 33.0 43.1 

Ctrtmultr pellucidu 
(Scudder) 18.9 14.6 18.7 37.7 90.0 

Meltmc~plus xmguirlipes (F. ) 14.0 9.0 1.7 6.1 7.7 
M. glrtristotli Scudder 1.9 3.4 4.6 8.4 4.8 
M. hi~itttrtus (Say) 3.0 4.7 7.1 2.3 3.0 
iVcc)l”“limlc~psis clbdominulis 

(Thomas) 4.9 2.0 3.0 I .o 3.7 
M. it~~mtdis Scudder I .3 I .6 0.7 5.1 2.2 
Acr-opetlellus ch~Lltus 

(Thomas) I .o 3.3 0.4 1.0 I .4 
Total 154.5 138.0 161.8 206.6 
_ _~ 

habitat preferences. M. dawsoni is primarily a forb feeder, C. 
lorlgicorrlis feeds on grasses and sedges, M. sanguinipes is a 
mixed feeder with a preference for forbs, and Camnula pel- 
lucida is a grass and sedge feeder that readily eats forbs (Brooks 
I 95 8). Anderson ( I 964) found M. dawsoni to be most prevalent 
on fields with low percentage foliage cover and C. pellucida to 
be most abundant on fields with a 2 l-60% perennial grass 
cover. 

Melanoplus gladstoni and M. injantalis, which were most 
prevalent on the heavily grazed field, are general mixed feeders 
(Brooks 1958). M. gladstoni was one of the few species found to 
be unaffected by scalping rangeland (Hewitt and Rees 1974) and 
M. injantalis occurred most frequently on sites with less than 
20% foliage cover (Anderson 1964). 

Neopodismopsis abdominalis was most abundant on the 
lightly grazed field and Aeropedellus clavatus was most a- 
bundant on the moderately grazed field. Both feed on grasses 
and sedges (Brooks 1958). Melanoplus bivittatus, which was 
also most abundant on the moderately grazed field although it 
was common on the other fields, is a general feeder that prefers 
forbs (Brooks 1958). 

Despite the decreases in numbers of C. longicornis and M. 
scuzguinipes caused by the heavier rates of grazing, the increases 
in numbers of M. dawsoni in particular were enough to produce 
higher total numbers of grasshoppers on the heavily and very 
heavily grazed fields than on the lightly and moderately grazed 
fields in 5 of the 7 years (Table I). Similar results were obtained 
in studies in Oklahoma and Kansas where it was shown that 
grasshoppers were generally more abundant on heavily grazed 
pastures than on lightly grazed ones (Smith 1940; Campbell et 
al. 1974). 

Increased intensity of grazing progressively reduced the 
amounts of vegetation available for consumption by grass- 
hoppers. In the 1950-67 period, the cattle utilized 20, 50, 70, 

and 90% of the forage from the lightly, moderately, heavily, 
and very heavily grazed fields (Johnston et al. 197 1). At the end 
of the growing season in 1977, the weights of vegetation, 
including litter left on the moderately, heavily, and very heavily 
grazed fields were 28.8, 18.5, and 2.4% of the left on the lightly 
grazed field. Thus, increased competition by grasshoppers for 
forage could result from increased grazing even if the numbers 
of grasshoppers remain constant or even decrease. Nerney 
( 1958) has reported that a population of I5 grasshoppers/y@ 
( 17.9/m?) ate 20% of the herbage on a moderately grazed 
pasture and 70% of that on a heavily grazed one. As the 
decreased amounts of forage on the heavily and very heavily 
grazed fields at Stavely were combined with increased numbers 
of grasshoppers, it appears that the economic effects could have 
been compounded by the heavier rates of grazing. 

Conclusions concerning the losses incurred, however, cannot 
be drawn from the present study, which was undertaken only to 
determine if grazing affected grasshopper populations. Such 
conclusions would require a detailed examination of the a- 
mounts and kinds of vegetation eaten by the species of grass- 
hoppers involved as well as periodic samples taken during the 
growing season to account for early hatching species that-may 
be absent after mid-July. 

Conclusions 

Changes in the microhabitat caused by varying intensities of 
grazing by cattle had major effects on the grasshopper popu- 
lation on a fescue rangeland. Increased intensity of grazing 
decreased the numbers of some species of grasshoppers, and 
increased the abundance of others. One species of grasshopper, 
which was apparently more widely adaptable than others, was 
unaffected. The change in the vegetative cover caused by the 
heaviest rates of grazing resulted in increased total numbers of 
grasshoppers in most years. 
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Potential Evapotranspiration and Surface- 
mine Rehabilitation in the Powder River Basin, 
Wyoming and Montana 

TERRENCE J. TOY 

Abstract 

Energy resource development in the Western United States 
must contend with the problem of water deficiency resulting from 
potential evapotranspiration rates which usually exceed precipi- 
tation rates. In this report the Blaney-Criddle method, with locally 
calibrated monthly natural vegetation coefficients, was used to 
estimate potential evapotranspiration (PET) for the Powder River 
Basin, Wyoming and Montana. In this area PET ranges from 
i5.02 inches per year to 26.76 inches. A radiation-based method 
for microclimatic adjustment of PET is presented. According to 
this procedure it might be expected that, for slopes of 20% 
inclination at 44” North latitude, annual PET is 17% less on 
northerly-facing slopes than a horizontal surface and 14% more on 
southerly-facing slopes. 

report to present estimates of PET for the Powder River Basin, 
Wyoming and Montana, based on the Blaney-Criddle method 
( I C&2), and utilizing crop coefficients for natural vegetation 
the Northern Great Plains. A radiation-based method for micro- 
climatic adjustment of PET estimates is proposed. 

Evapotranspiration, Vegetation Growth, and 
Rehabilitation 

nonlimiting supply of soil moisture. At some point during soil 

A brief discussion of evapotranspiration (ET) and its relation 
to vegetation growth illustrates the the significance of this 

dehydration, ET falls below the potential rate. Chang (1968) 

parameter in rehabilitation studies and practice. ET is main- 
tained at the potential rate only as long as there is a plentiful, 

provides a summary of the controversy concerning the effect of 
soil moisture tension on ET rates. 

The assumption of nonlimiting soil moisture is rarely valid 
the Western United States. High mountain meadows and, 
occasionally, valley floors, both with higher water tables and 
subirrigated vegetation, are possible exceptions. In most cases, 
the concept of actual evapotranspiration (AET), resulting from 
existing climatic and soil moisture conditions, is the appropriate 
measure of surface water loss. Hanson ( 1973) developed 

within arid or semiarid climatic zones. 
Discussions of mine-site rehabilitation potential typically 

The rehabilitation of disturbed lands must accompany energy 

include consideration of the climatic influences on revegetation. 
Frequently, however, 

resource development in the United States (U.S. Congress 

evaluations of rehabilitation potential are 
based on incomplete 

1977). Erosion control is a primary goal of surface-mine 

information. A preoccupation with pre- 

rehabilitation because prolonged productivity of the land or 
aesthetic considerations are impossible if the soil is rapidly 
eroding. Erosion control is achieved through (1) proper surface 
contouring and (2) revegetation. The former is largely a 
mechanical exercise, while the latter is commonly a more 
difficult proposition in the Western United States, where much 
of the mineral and most of the coal reserves and resources lie 

model for estimating AET which includes a soil moisture 
parameter. 

When AET is less than PET, plant productivity will be less 
than the potential maximum. Chang (1968) illustrates the 
eeneralized relation between yield and adequacy of water 
application. Allison et al. ( 1958) show the relation between crop 
yields and water use for a number of crops grown in lysimeters. 

cipitation is often apparent (National Academy of Science and 
National Academy of Engineering 1974; Packer 1974), al- 
though the significance of precipitation lies in its relation to 
potential evapotranspiration (PET). Taken together, these two 
climate elements largely determine the amount of moisture 
available for plant use or, in arid and semiarid regions, the 
magnitude of water deficiency. 

1 submit that rehabilitation potential is inversely related to 
water deficiency. Therefore, PET data are necessary in order to 
evaluate the severity of drought, irrigation water requirements, 
and hence. rehabilitation potential. It is the purpose of this 
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Current irrigation practices used in revegetation seem to be 
based on the relation between ET and soil moisture tension 
proposed by Veihmeyer and Hendrickson ( 1955) and supported 
by other researchers. According to their view, ET continues at 
the potential rate up to the wilting point (15 bars) and falls 
sharply thereafter. However, work by Thornthwaite and Mather 
( 1955) indicated a linear inverse relation between ET and soil 
moisture tension. Pierce ( 1958) concluded that ET continued at 
the potential rate at low tension perhaps up to 0.4 bars and then 
rapidly decreased with increasing tension in curvilinear fashion. 
If the relations proposed by either Thornthwaite and Mather or 
Pierce are correct for species used in revegetation, then plant 
productivity is probably limited by the failure of current 
practices to provide sufficient soil moisture to maintain ET at 
the potential rate. Dwyer and DeGarmo ( 1970) found that 
production was s (Treatest for selected desert shrubs and grasses 
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with a field capacity soil-moisture level, and lowest at a 
moisture of one-third of field capacity for shrubs and at 
one-fourth of field capacity for grasses. However, water use per 
~‘ram of dry matter produced (the measure of water-use ef- 
ficiency) was highest at the field capacity soil-moisture level 
with the highest efficiencies of production occurring at one- 
third of field capacity. Under severe moisture stress (one-fourth 
field capacity), plants used more water and produced less dry 
matter. Since timely revegetation depends largely on plant 
productivity to produce a surface cover rather than efficiency of 
water use. it appears desirable to maintain soil moisture levels 
near field capacity, a condition allowing ET at the potential rate, 
at least until the plants have developed a significant root system. 
Unfortunately, in areas of extreme aridity, available water may 
be insufficient to maintain this level of soil moisture. In such 
cases. efficiency of water use gains importance. Plant survival, 
rather than biomass production, may be all that can be expected 
during some periods and effective rehabilitation will be delayed 
accordingly. 

Irrigation and surface treatment techniques, employed to 
improve the probability of successful revegetation in surface- 
mined areas with extremely low and erratic precipitation, affect 
ET. The results of several irrigation experiments were reported 
by Aldon and Springfield ( 1977). As a consequence of irrigation 
practices, the normal irrigation applications are usually insuffi- 
cient to maintain soil moisture levels near field capacity. 
Indeed. in one area, water was applied when vegetation showed 
visible signs of stress. Therefore, the amount of water evapo- 
transpired was somewhere between the potential quantity and 
that which would have been AET under natural conditions. PET 
rates may be reached for short periods following irrigation 
applications or precipitation events. 

Mechanical and chemical surface treatment techniques also 
alter the natural water balance of spoils piles undergoing 
rehabilitation. Hodder ( 1977) describes the effects of mulching, 
cultivation, top-soiling, deep chiseling, gouging, off-set lister- 
ing. and excavation of doser basins. Aldon and Springfield 
( 1977) describe the effects of water harvesting techniques 
utilizing the application of paraffin, silicone, or black polyethy- 
lene to the surface. The usual purpose of mechanical or 
chemical treatments is to increase the available soil moisture for 
plant use through a reduction of runoff and ET, an increase in 
infiltration, or by concentrating available water into a smaller 
area. The net effect of these practices is to increase the 
proportion of available moisture transpired to that evaporated 
from the soil surface. Additionally, AET from a treated surface 
will exceed that from an untreated surface because of the 
increased amount of soil moisture made available by these 
techniques. Experimental field plots are likely to be the only 
approach to measuring AET under the complex artificial 
conditions of rehabilitation. 

Estimating Potential Evapotranspiration 

Three factors favored the use of the Blaney-Criddle method 
for PET estimation: (I) availability of data, (3) effectiveness of 
these method when crop coefficients are locally calibrated, and 
(.q) widespread acceptance of this method. The Blaney-Criddle 
method requires only mean monthly temperature, available at a 
large number of cooperative climate stations in the Powder 
River Basin, and station latitude as inputs. Burman et al. (1975) 
concluded that the Blaney-Criddle method, utilizing locally 
calibrated crop coefficients, appeared to be the most satisfactory 
of the 15 methods compared. Data for crop coefficient calibra- 

tion were provided for use in the present study by Lauenroth and 
Sims ( 1976) and through personal communication; their use will 
be discussed in a subsequent section. Finally, the Blaney- 
Criddle method has provided estimates of PET in a variety of 
studies differing in purpose. The U.S.D.A. Soil Conservation 
Service (1970) uses this method as a part of its model for 
estimating irrigation water requirements. Burman, et al. (1975) 
acknowledge its widespread acceptance in water right transfer 
proceedings. Further, they note that the legal profession, lay 
personnel, and engineers not familiar with other methods 
understand the Blaney-Criddle method. This may be an impor- 
tant consideration when dealing with surface-mine revegetation 
and rehabilitation. 

The Blaney-Criddle method estimates monthly consumptive 
use of water according to the formula: 

1,=kj (1) 
where: 
lr=monthly consumptive use 
k=monthly crop coefficient 

PET in inches 

j= txp = monthly consumptive-use fact(w 
I 00 

t= mean monthly temperature. “F 
/l=monthly percentage of daytime hours of the year (derived from tables 

and based on latitude) 

The values derived for consumptive use by this method may 
be considered estimates of PET because the model assumes a 
nonlimiting water supply. Most investigators, including Cruff 
and Thompson ( 1967); Burman, et al. ( 1975); and Jensen. et al. 
( 1973). have used the estimates in this way. Crop coefficients 
(I;) have been experimentally determined for a variety of 
agricultural crops. In these studies, consumptive use was 
usually measured by lysimeter; and these values, together with 
those forf, were inserted into equation ( I ) such that k=~~/j. The 
same procedure was used for determining monthly values for k 
in this research. 

Crop Coefficient Calibration 
T‘he crop coefficients used for estimating PET in surface- 

mined areas should reflect the consumptive use characteristics 
of the vegetation species used in rehabilitation. Two strategies 
are possible for coefficient calibration: ( I) use of consumptive- 
use measurements for revegetation species, such as western 
wheatgrass (Agropyrorz smidzii); or (2) use of measurements for 
natural vegetation in the area. The latter strategy is based on the 
assumption that the most successful species to be used in 
revegetation will have consumptive-use characteristics similar 
to the species indigenous to the area. Availability of data will 
likely determine which of these strategies to use in practice. 

PET estimates were made by Lauenroth and Sims (1976) 
using the water balance method at the Pawnee site of the U.S. 
International Biological Program Grassland Biome from I97 I - 
1973. The natural vegetation at this site, east of Fort Collins, 
Colorado, is characteristic of a large portion of the shortgrass 
prairie and consists of blue grama grass (Bourelouc~ gr~lcilis), 
fringed sagewort (Artemisia frigida), scarlet globe mallow 
(Sphtrerulceu coccirleu), plains pricklypear (Opuntiu poly- 
wm thu), broom snakeweed (Gutierreziu surothrue), and 
needleleaf sedge (Curex eleochuris). Lauenroth and Sims 
( 1976) comment: “If the agreement between the data predicted 
by Penman’s model and those arrived at by the water balance 
data from the water plus nitrogen treatment is accepted as 
evidence of the credibility of both, they may then be accepted as 
defining a range for potential evapotranspiration in the short- 
crrass prairie of northeastern Colorado. ” Nitrogen treatment 2 
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Table 1. Blaney-Criddle crop coeffkients for natural vegetation in the 
Northern Great Plains. 

1971 1972 1973 k* 

April 0.69 0.38 0.54 
May 1.18 0.52 0.48 0.73 
June 1.18 0.78 I .06 1.01 
July 0.92 1.10 0.92 0.98 
August 0.94 0.81 0.84 0.86 
September 0.74 0.38 0.83 0.65 

A\crage monthly coefficient 

may enhance the utility of these data because rehabilitation sites 
are frequently fertilized. l 

The consumptive-use data described above, together with the 
mean monthly temperature data obtained, were used to derive 
monthly crop coefficients during the growing season from 197 1 
to 1973 (Table 1). The variation of monthly crop coefficients 
from year to year reflects specific climate conditions prevalent 
during that period. For example, there were frequent thunder- 
storms during the first 2 weeks of June 1972, according to Dr. 
Lauenroth (personal communication, 1976). Consequently, the 
values in Table 1 suggest a range; all were included in the 
computation of the average coefficient because they are indica- 
tive of natural conditions. Figure 1 is a graphic portrayal of the 
average coefficients. The form of this curve is similar to that for 
other crops (U.S.D.A., Soil Conservation Service 1970). 

Fig. I. A L,eruge vegerufion coefficients for nutural vegetation of shortgrass 
prctirie in Northern Great Plains. 

Potential Evapotranspiration in the Powder River Basin 
Average growing-season PET was estimated for 63 climate 

stations in Powder River Basin using the Blaney-Criddle 
method with the average crop coefficients contained in Table 1 
and mean and monthly temperature data for the period 1965 
197-I. The growin,. 0 season was defined as the frost-free period, 
extending from the mean date of last spring frost to the mean 
date of the first autumn forest as advocated by Critchfield ( 1966) 
and supported by the U.S .D.A., Soil Conservation Service 
( 1 Y70). Soil Conservation Service program TR-11 -V3 was used 
for the actual computations. 

Figure 2 (T oy and Munson 1978) was produced by inter- 
polating isopleths between the derived station values. This 
tigure shows the variation in PET for natural vegetation 
throughout the Powder River Basin. Other things being equal, 
this is the amount of water required to sustain vigorous plant 

.\ \\ OICI 01 c,rut~ori 10 thaw u\~ng the data prt‘wntcd by Laucnroth and SIIW ( I97b): There 
CIIC Cl’lOl\ in 

< .Ilrc)ll \\ III1 

l-rprc\ 
1077). 

5 and 0 2 rt’ 

growth for revegetation of surface-mined areas during the entire 
growing season. Even in this rather geographically limited area, 
there is a PET range of 11.74 inches with Miles City, Montana, 
capable of losing 36.76 inches of water and Kirby 1 S, Montana, 
losing 15.02 inches. The data contained in Figure 2. serve as a 
useful baseline for environmental impact statement preparation. 
Naturally, site-specific information must be collected on loca- 
tion; however, time constraints frequently preclude the collec- 
tion of these data. 

Topographic Influences on Potential Evapotranspiration 
In semiarid regions natural vegetation development on hill- 

slopes of southerly aspects tends to be more xeric than on 
northerly aspects. For the Cheyenne River Basin in east- 
central Wyoming, Hadley (1962) found that plant cover on 
southerly-facing slopes is only 28% of that occuring on north- 
erly-facing slopes. This difference is usually attributed to 
greater moisture deficiencies on slopes of southerly aspect. This 
moisture deficiency is due to the higher rates of solar insolation 
received throughout the year resulting in higher rates of PET. 

Chang ( 1968) and Jensen et al. (I 973) note that the rate of 
PET is largely determined by net radiation in the absence of 
significant advected energy. Net radiation is defined as the 
difference between the incoming and outgoing radiative fluxes, 
both short-wave and long-wave. Unfortunately, net radiation 
data are collected at very few locales within the United States. 
Based on I4 stations throughout the world, Davies (1967) has 
found that net radiation can be estimated from total solar 
radiation (r=0.99): 

R/1=0.617Q-34 
R/I= net radiation 
Q =total solar radiation 

(2) 

Frank and Lee (1966) suggest that in the net radiation balance, 
diffuse sky radiation, thermal atmospheric radiation, reflected 
and thermal terrestial radiation components are largely self- 
cancelling over extended periods of time; and, hence, net 
radiation is proportional to direct beam solar radiation. Also 
noteworthy in this context is the comment by Chang ( 1968) that 
direct insolation is a function of both aspect and slope incli- 
nation. while diffuse radiation, being essentially uniform in all 
aspects. is affected only by the tatter; a IO” northerly-facing 
slope receives just as much diffuse sky radiation as a 10” 
southerly-facing slope. 

In the absence of collected radiation data for hillslopes of 
various inclinations and aspects, an indirect, if nonrigorous, 
method must be devised for adjusting horizontal surface PET 
estimates for topographic influences. If the following assump- 
tions can be accepted as essentially valid for a period of several 
months’ duration, then the data provided by Frank and Lee 
( I (hip) and the formulas devised by Davis ( 1967) can be used to 
make PET adjustments. The assumptions on which the pro- 
cedure depends are: ( I) PET is proportional to net radiation, (2) 
net radiation is proportional to direct solar beam radiation, (3) 
diffuse sky radiation is constant for slopes of the same incli- 
nation, and (4) the effect of the atmosphere in reducing potential 
direct beam radiation to that actually received at the surface is 
essentially constant for slopes of the same inclination but 
different aspects. 

Table 2 shows the comparison of net radiation received on a 
northerly- and southerly-facing slope, both of 20% inclination, 
at 34” North latitude. These values were computed using 
potential direct beam radiation values provided by Frank and 
Lee (1!&6) with the Davies equation used to estimate net 
radiation values. Three time intervals are considered: ( 1) the full 
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year. (2) the pre-growing season period from the winter solstice 
to the beginning of the growing season, and (3) the growing 
season period. For the annual period, the northerly-facing slope 
receives 83% of the radiation received on a horizontal surface, 
M hile the southerly-facing slope receives I 14% of that 
received on a horizontal surface. For the pre-growing season 
period. the northerly-facing slope receives 79% of the radiation 
received on a horizontal surface, while the southerly-facing 
slope receives I 13% of that received on a horizontal surface. 

JOURNAL Of= RANGE MANAGEMENT 32(d), July 1%‘9 

River basin. 

For the growing season, the northerly-facing slope receives 
9_i’/‘c of the radiation received on a horizontal surface, while the 
southerly-facing slope receives 103% of that received on a 
horizontal surface. These ratios can be used to adjust measured 
solar radiation data, where such information exists, for use in 
radiation-based methods of estimating PET (Wymore. 1974), or 
adjusting PET estimates derived by other methodologies. In 
other words, for slopes of 20% inclination at 44” North latitude, 
it might be expected that PET is 17% less on northerly-facing 
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slopes than on a horizontal surface and 14% more on southerly- 
facing slopes for the annual period. Similar inferences can be 
made for the other time periods. The estimates of PET for 
horizontal surfaces provide adequate average estimates consid- 
ering the accuracy of the estimating procedures themselves. 

While the foregoing may be acceptable in theory, reality is, of 
course, more complex. It seems unlikely that the disparity in 
plant cover can be adequately explained by the difference 
(N/S =0.92, Table 2) in energy received during the growing 
season on northerly- and southerly-facing slopes. However, the 
difference (N/S=O.hh, Table 2) in energy received during the 
pregrowing season period may well be significant, especially in 
areas where available moisture is near the minimum require- 
ment for plant survival and development. Higher insolation 
rates on southerly-facing slopes prior to the commencement of 
the growing season result in increased winter evaporation 
losses. and reduced water supplies available for soil water 
recharge from spring snowmelt (Wymore 1974). Further, 
Wymore ( 1974) suggests that the growing season is initiated 
much sooner on slopes of southerly aspect, and Leopold ( 1974) 
notes that growing season length is the most important climatic 
characteristic governing water needs of vegetation. Exposure to 
prevailing winds also affects the amount of snow cover on the 
surface and hence soil moisture recharge in the spring. Ob- 
served differences in vegetation density along snow fences 
topcther with those on lee and windward slopes verify the 
significance of this factor. On-site experimentation and experi- 
ence are necessary to measure precisely the intluence of 
topography, although approximations and expectations can be 
obtatned through the procedure described herein. 

amount of water used for irrigation in most areas is likely to be a 

small percentage of that used solely for dust control. The cost of 
irrigation equipment may be amortized over an extended time 
period and, in the long run, may prove more economical than 
periodic retreatment of areas due to revegetation failure. Ac- 
cording to Harley Meuret (personal communication, June 26, 
i’j78). reclamation specialist at the Jim Bridger Mine in 
southwestern Wyoming, the cost of one reseeding is approxi- 
mately equal to the cost of irrigation for the first season of 
reclamation. 
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Table 2. Variation in energy receipt with slope aspect (20% inclination, 44” N. lat.). 

Potential direct beam radiation (ly)’ 

Pre-growing season ( 12/X-5/27) 
Growing season (5/38-9/ 17) 
Full year 

Net radiation (ly)’ 

Pre-growing season ( I Z/23-5/17) 
Growing season (5/38-9/l 7) 
Full year 

North-facing 
(N) 

73.93 I 
98,868 

I 99,035 

45,591 
60,978 

122,781 

_ 
Horizantal South-facing 

(H) (S) N/I-I S/H N/S 

94,094 I I I.367 0.79 I. 18 0.66 
105,173 107,932 0.94 I .03 0.9’ 
240,588 374,472 0.83 I. I4 0.72 

58,032 68,689 0.79 I.18 0.66 
64,867 66,570 0.94 1.03 0.92 

148,419 169,325 0.83 1.14 0.73 
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The Economics of Sheep Predation in South- 
western Utah 

R.G. TAYLOR, JOHN P. WORKMAN, AND JAMES E. BOWNS 

Abstract 

Ten sheep ranches in southwestern Utah were chosen for a 
verification study ot sheep losses during 1972- 1975. Using the ratio 
of verified predator kills to total lamb carcasses discovered, total 
lamb loss to predators was estimated. Predation accounted for 
5.8% of total lambs docked or 62% of the total lamb loss. Coyotes 
made 94% of all predator kills. For the 10 herds (1 Y71- 1974) direct 
income loss due to lamb predation averaged $2,800 per herd: for a 
three-herd subsample (197l- 1975) direct income loss averaged 
\.3,500 per herd. Applying our study rate of predation to the entire 
Southwest region ot Utah gave an estimate of 14,900 lambs killed 
by predators and a direct income loss of ‘ii419,OOO. In addition, the 
region suffered indirect or multiplier losses of $1,166,000 to 
‘4 i ,Xi6,000 during the -l years studied. Further data needs in 
predation economics could be achieved by integrating predation 
loss, predator population, and predator control data into a 
standard production function model. 

Recent profit reductions have resulted in 10% annual de- 
crcascs in Utah’s sheep numbers (Statistical Reporting Service 

lOY:-,) and have increased the sheepman’s incentive to prevent 
IiLestock predation losses. Simultaneously, predatorcontrol has 
become increasingly complex. Early predator control research 
~3.4 aimed primarily at discovering methods of eradicating 
co) otes. the most troublesome predator (Bailey I W-F, 190X). 
IMore recently. financial relief through economically efficient 
predator control has come into increased contlict with interests 
promoting esthetic. recreational, and ecolo#al values associ- 
ated with a viable predator population. 

To det’ine the magnitude of the predation problem and to 
pro\‘ide a data base for an economic analysis, a verit’ication 
study ofsheep loss was initiated in March I972 in the Cedar-City 
;II~‘;I of Utah (Bowns et al. 1973a, 1973b: Davenport et al. 
I ‘JY’_J ). A study requiring examination of each sheep carcass was 

\utli~~\ 4r’e rc\cxch d~,soc131t‘. Ikpartn~ent ot Range Scwncc. Colorado St~tc U~I~CI- 
411) t or1 Colltn\. dswc~atc protthwr of range c’conon~ic~. Department ot Kanpc SCICIICC. 
1’1,rh State LnlLersity. Logm. md ;L~WC‘I~I~ prolcswr ot range t~colopq. Dcpartmcnt ot 
Kangc Scmce. Utah Statr Unlvmity. ~tattoned at Southern Utah State College. Cedar 
City. Taylor wa\ formerly graduate rewarch a\\tstant. Department ot Ranye Sc~cnce. Utah 
State University. Logan. 

This report IS publl\hed with the approval ot the dtrcctor. LJtah Aqcultural E.\pcrlmcnt 
St,rt~on. .I\ J~mr-ml Papc~ ,Vo .!i 10 

\I.IIIU\CI I~I reccl\etl JLIIW IO. 19)7X 
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chosen over a rancher survey questionnaire to eliminate possible 
reporting bias. In cooperation with the Cedar City Livestock 
Aaociation and the Southern Utah State College (SUSC) 
Experimental Farnl. IO sheep ranches were selected as sample 
operations to form the data base for the initial j-year phase. In 
the fourth year, 1575. the sample was reduced to three herds. 
All sample herds were migratory range sheep operations. 
typical of commercial sheep ranches throughout the Inter- 
mountltin states. iLlost herds winter on desert ranges near the 
Nc\ada border west of Cedar City and after shed lambing in the 

spring are trucked or trailed to high elevation summer ranges 
east of Cedar City. 

Methods 

Cooperating ranchers and herders were asked to promptly report all 
dtxd and injured sheep so researchers could make an immediate 
cuamination to asct‘rtain cause of death or injury. As the study 
proceeded, researchers increasingly relied on periodic checks of each 
pasture to locate lamb carcasses. Ranchers continued to report sheep 
losses and provide necessary lamb counts. 

Total lamb loss was determined from the ranchers’ inventory of 
lumbs at docking, during trucking or trailing between the spring and 
\ummt’r range, and at weaning or marketing. The difference between 
dockins and trucking or trailing counts gave the total spring lamb loss 
and the difference between trucking or trailing counts and waning 
count gave the total summer lamb loss. Predation losses ofagt~ cla\~s 
other than lambs were minor so inventory efforts utxe concentrated on 
lambs. Predator kills were verified according to strict criteria by 
cupcricnctxi study personnel (Bouns 1070) and photographically 
documented. 

It predation was not evident in the necropsy a lamb was classified as 
d\ ins from natural causes. This statistic does not include natural 
prc-docking losses that occurred up to approximately I1 da},\ ai’tcr 
birth. /Ill lamb carcasst‘s were classified as ( I ) predator hill\. (2) 
natural death. or (3) unknown c;luje of death. As the study progre\\txl. 
rt‘sc;Irchcrs btxamc more proficient in di\tingui\hing hetwcen prc- 
daLor> .~nd natural dtxths. In 107.3 the cause ot‘ death in 16% ot‘ lamb 
LW~;I~SL‘~ could not be diagnosed. In subsequent years I cd or Ia\ utxe 
Iistcd as dyin, ‘7 from unknown cau~s. 

Dopitc the coordinated efforts of ranchers and restxrcher\. onI1 
.;;>‘I( of the total lamb losses in the initial study year were discovered 
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Table 1. Percentage of examined lamb carcasses verified as predator losses 
in herds 1, 3 and 5, southwestern Utah, 1972-75. 

Herd 

1 
3 
5 

Mean’ 

1975 1972-74 Mean 
Spring Summer Spring Summer 

0 85.7 0.6 86.9 
10.0 62.5 43.7 69.9 
58.7 92.7 47.0 89.4 
16.2 80.3 30.4 82.1 

’ Paired I test between spring 197.5 vs. spring 1972-1974 and summer 197.5 vs. summer 

1972-1974 were insignificant at .05 level. 

(1975) with those of the first 3 years of the study (Table 1). If the 
underlying premise was incorrect, the ratios would have reflected a 
declining or increasing proportion of predator kills as the proportion of 
observed carcasses increased. Instead, the ratio of verified predator 
kills to total loss remained essentially constant throughout the study 
even though the percentage of lamb losses examined was 54% higher 
during 1975 than during the first year. 

The difference between total predator lamb losses and veriJiecl 
predator kills is substantial. Table 3 reveals the relative disparity 
between verified and total predator kills. All conclusions in this study 
are based upon total predator lamb losses. 

and examined by the researchers. The remaining carcasses were Results and Discussion 
obscured by dense vegetation and scattered over such a vast area that 
intensive searches were impractical. In subsequent years, researchers 
became increasingly successful at finding lamb carcasses by searching 
bedgrounds, dry washes, ravines, specific drainages and particular 
pastures more frequently. Lamb carcasses discovered increased to 
4 1% in 1973 and 57% in 1974. In 1975 the sample herds were reduced 
from 10 to 3 so search efforts could be concentrated. With the 
intensive sample of 3 herds, 89% of the total missing lambs were 
discovered and examined. 

The percent of verified predator kills represents only the minimum 
predation loss (Table 1). To accurately assess the full magnitude and 
resulting economic impact of predator losses the number of undis- 
covered predator kills had to be estimated. The carcasses found by 
researchers were assumed to be a random sample of total lamb losses. 
Thus the proportion of predator kills among those carcasses examined 
was assumed to be the same as among the undiscovered missing 
lambs. Calculation of the ratio of verified predator losses to total 
examined lamb losses and expansion of that proportion to the 
unaccounted for lamb losses (total missing lambs minus examined 
carcasses) gave the estimated predator lamb losses. Estimated predator 
loss was then added to verified predator loss, yielding a total predator 
lamb loss (Table 2). 

Coyotes were responsible for all verified predation losses in 
1972,89% of the verified loss in 1973,94% in 1974, and 92% in 
1975. Bears, cougars, domestic dogs, and pigs inflicted the 
remaining predation losses. Invariably, coyotes selected lambs 
over other age classes of sheep. Only 17 ewes were verified as 
predator kills during the spring and summer seasons in 4 years of 
study. Therefore, spring and summer sheep depredation in 
southwestern Utah is predominantly coyote predation on lambs. 

1973 

1972 

1975 

1974 

Table 2. Total predator lamb losses as a percentage of total lamb losses, 
southwestern Utah, 1972-75. 1973 

a HERDS I,3 and 5 
m ,,ER,,S I _ 10 

Year 

1973 

Herds I-10 

72.8 

Herds I,3 and 5 

72.1 
1973 53.2 50.5 
1974 59.2 63.4 
1975 No Data 49.2 

Fig. 1. Natural mortal@ and total predator kills incurred by herds 1,3, and 5, 
1972-7.5, and herds I-10, 1972-74. 

Separate ratios were calculated for each year, season, and herd. 
During 3 years of study, predator lamb losses in herds l-l 0 

Average ratios were then calculated for each herd for each season. This 
averaged 1,009 or 62% of the 1,623 mean total lamb loss. In 

approach gave an unbiased estimated predator loss, whereas a verified 
herds 1,3, and 5, which were studied for 4 years, total lamb loss 

predator loss ratio obtained by simply summing verified predator averaged 584 with an average of 373 lambs (63%) destroyed by 

losses for all herds in the aggregate would have weighted the ratio in predators. Apparent from the annual losses shown in Figure 1 

favor of the years in which high predator losses occurred. and corroborated by annual percentages of predation in Table 2, 
The validity of this statistical inference is confirmed by comparing coyotes inflicted a majority (6 1%) of the total lamb loss. Also 

the predator loss ratios for herds 1,3, and 5 during the final study year evident from comparison of Figure 1 and Table 2, greater total 

Table 3. Total predator losses and verified predator losses as a percentage of lambs docked, southwestern Utah, 1972-75. 

Year Season 
Herds I-10 Herds I,3 and 5 

Total predator loss Verified predator loss Total predator loss Verified predator loss 

1972 

1973 

I974 

I975 

Mean 

Spring 0.75 0.48 0.87 0.68 
Summer 6.21 1.25 7.54 0.32 

Spring 0.56 0.51 0.77 0.78 
Summer 4.14 0.97 3.77 1.96 

Spring 0.86 0.69 0.91 0.69 
Summer 4.96 1.87 4.34 1.35 

Spring No Data No Data 0.95 0.65 
Summer No Data No Data 1.94 I .35 

Spring 0.72 0.56 0.88 0.70 
Summer 5.19 1.36 4.40 1.25 
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losses corresponded to higher predation losses and vice-versa. 
Figure 1 clearly shows that annual natural mortality is much 
more static than losses inflicted by predators. Therefore, not 
only did predators inflict a majority of the total lamb loss, but 
most of the escalation in total lamb losses can be attributed to 
predators. 

During the spring, lamb depredation remained almost con- 
stant, while mortality from natural causes (which constituted the 
majority of the total spring lamb loss) fluctuated widely. 
However, during the summer almost the entire lamb loss was 
due to predation, while natural causes were minimal and quite 
static (Fig. 1). Seasonal disparity in natural mortality was 
anticipated. Several studies (Safford and Haversland 1960; 
Venkatachalam et al. 1949), including research with the SUSC 
experimental herd (Matthews and Ogden 1957), have described 
susceptibility of preweaning lambs to high incidence of pneu- 
monia, malnutrition, infection, etc., during the first 5 to 7 
weeks after birth. By the time the summer trucking or trailing 
count was taken, most natural mortality had already occurred. 

The reason for the difference between the spring and summer 
predation loss was not as apparent. Predator losses in the spring 
wet-c consistently lower than during the summer. In herds I, 3, 
and 5 for example, spring predator loss differed by only five 
lambs from an average predation loss of 55 lambs during 3 years 
ot’ study. Summer predator losses for these same herds varied 
from 2 to 10 times as much (Fig. 2 ). The smaller predator losses 
on spring ranges suggest that coyote deterrents such as shed 
lambing and nightly impoundment with the presence of a herder 
(infeasible on summer ranges) have successfully reduced pre- 
dation to the minimum feasible level, despite apparently greater 
resident coyote density on the spring range. 

The relative magnitude of predator losses was computed on 
the basis of lambs docked, since the docking count was the first 
tahcn. During the entire study, 5.8% of the lambs docked were 
hill4 by predators. Individual herd predator losses varied from 
0.2 to I I .3% in the summer and from 0 to 3.5% in the spring. 
lllc rate of predation in southwest Utah is remarkably similar to 

rancher surveys of predation losses taken throughout the West, 
including ( 1) Nielsen and Curle ( 1970), who reported 6 1 lambs 
and ewes lost per 1,000 head of sheep in Utah; (2) Early et al. 
( 197-C), who reported 38-40 lambs lost per 1,000 head of lambs 
and ‘h-28 ewes lost per 1,000 head of ewes in Idaho; and (3) 
Reynolds and Gustad (197 I), who reported an average preda- 
tion rate in four Western states of 5.2%. Percentages of verified 
predation in Table -7 vary from 0.48 to 1.87%, considerably less 
than the 4% rate of verified predation compiled in Nevada 
( Klebcnow and McAdoo 1970). However, we believe that an 
intensive sample with constant surveillance as in the Nevada 
study would have caused our verified predator loss to approach 
the total predator loss. 

The herds selected in the sample were assumed to provide a 
rcprescntativc sample of predation rates throughout much of the 
\t;ltc of LJtah. Yet differences in the level of predation losses 
\\crc CL idcnt between seasonal ranges and between herds 
uinplcd. indicating a complex a,, vtrregation of management and 
cn~ ironmental interactions unique to each herd on each seasonal 
I-;II~~L‘ (Taylor 1977). Therefore. any geographical delineation 
c,t ;I homogeneous population of sheep herds is arbitrary-a 
cc~nlpr~~tiiisc bctwccn limitin, (7 study results strictly to the study 
L~t-c;~ or ;I stutecc idc expansion. which would not be entirely 
L\ ,irranted dcrc to the small number and regional concentration of 
the sample herds. The population represented by the study was 

dcl inccl as southwcstcrn Utah, including seven counties 
(Beaver, Garfield. Iron. Kane, Piute, Washington, and Wayne) 
\\ hich adjoined or wcrc included in the study arca. The ten 
rcpre\cntativc ranches comprise 4.5(/i of the hhcep ranches in 
th,rr region (U.S. Dcpartnient of Coninicrce 1977). 

1‘0 c\timatc regional lamb losses (Table 4). the sample herd 
prcclation rate was expanded to the number of lambs clocked 
region-w idc (Statistical Rcportin, 0 Service 1970). Since county 
d:ita \\t‘rc unavailable. the number of lambs docked in the 
\c\en-county area was calculated by prorating the state sheep 
in\cntory (U.S. Department ofCommerce 1977). In the scvcn- 
count\ rcglon . ;\II estimated 14.855 lambs were killed by 

1975 

1974 

1973 

1972 

1975 

1974 

1973 

1972 

p’“I I98 
SPRING 

670 

SUMMER 
. .._._.._._. ,.......,.. ‘.‘.‘.:.:.:.:.:.:.:.:.:.:.:.:.: ._._.,.,.~.~.,.~.~.,.,. ::::::::::::..;,,,,,,,,,,,,,,,,.,.,,___, . . . . . . ..._....____....,,,,,,,,,,,,,,,,,, ,. ., ,., :, :, :, :_ :,: ,:, :, : ,:, :, : ,: ,:, :, :, :, :, : ,: : :_ : ,: :_ : ,: :, :,: ,I. :, : . . $$m 90 1 1016 ,:+:.:.:.) _.,. ,,,,. ,,._. .,. . . . . . . . . . . . . . . . 
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Fig. 2. Totul predator kills and nuturul mortulity dwing spring und summer in hrrds I,_?,_~, 197,3-7s. and in herds l-10, 1972-73. 
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Table 4. Computation of predator lamb losses in southwestern Utah, 1972-75. 

Year 
Lambs saved statewide’ 

(1,000 lambs) Rate of predation* Regional proration’< 
Predator lamb loss in 
Southwestern Utah 

I972 713 X 6.955 
I973 635 X 4,699 
197-I 578 X 5.814 
1975 502 X 2.886 

Total 

’ Sr,ltlstical Reportlng Set vice ( lc)7h) data comparable to lambs docked, 
’ ;lumbcr ot lambs hilled per 100 lamb5 do&d. 

L \ Department of Commerce 1977 

predators during the period 1972- 1975, an average annual loss 
of_;.771 lambs (Table 4). Expansion of sample data to the entire 
state of Utah yielded a statewide predation loss of 127,52 I 
lambs during the period studied. 

Direct income loss due to lamb predation was calculated by 
multiplying the number of lambs destroyed times the average 
lamb value. Ideally, determination of the exact value of each 
lamb would require that any additional variable costs that would 
have been incurred after death of the lamb be subtracted from 
the market price. But since virtually all significant expenditures 
li,r lamb production are fixed in a lamb at birth, the average 
value of a predator kill would approximate the full fall market 
price. Thus average value was estimated by multiplying the 
price per hundredweight of Utah lambs (Statistical Reporting 
Service 1970) by 88 pounds, the average fall market weight of 
Utah range lambs (Goodsell and Belfield 1973). Study observa- 
tions of coyote kills indicate that the average market weight may 
be conservative since coyotes appear to select larger than 
aLcrat?le lambs. 

Thi direct incolne loss suffered by ranches I-IO was esti- 
mated at $82,71 I during the period l972- 1974 (Table 5). 
During the same period ranches I ,3, and 5 lost $4 I ,9 13. This is 
an average annual loss per ranch of $2,758 and $3,493 for herds 
I- IO and herds I ,3, and 5, respectively. Regional direct income 
lorscs were estimated at $3 19,323 for the 4 study years, an 
a~crage annual loss of S I ,897 for each of the 22 I sheep ranches 
in southwestern Utah with sales greater than $2,500 (U.S. 
Department of Commerce 1977). Statewide predator losses 
acre estimated at 3 .h million dollars for the same 4 years. As an 
indication of the severity of the impact of this loss on Utah’s 
4heep industry , gross income for lamb and sheep sales in 1975 
totaled I7.0 million dollars (Statistical Reporting Service 
I ‘iY;1). 

An expansion or contraction of one economic sector brings 
secondary changes in expenditures for inputs resulting in a 
decreased level of‘ economic activity in other sectors of the 
l_u,no:ll~. Hence. income losses resulting from predatory lamb 
lo\\c‘s reduce expenditures in the livestock sector and these 
“lllultiplier” effects reduce income of all other sectors of 
~outh\\~cstem Utah’s economy. Two such multipliers-a type I 

X .I165 5,777 
X .I 165 3.476 
X .I165 3,Ylh 
X .I 165 zz I .h88 

11,357 

multiplier. which includes direct and indirect payments, and 
more comprehensive type II multiplier, which includes induced 
payments as well as direct and indirect payments-have been 
calculated for Utah’s economy (Bradley 1967). The type I 
IiLestock multiplier of 2.78 I and the type II livestock multiplier 
ot A..23 both ranked second compared to multipliers for 39 
defined sectors in the state’s economy. Applying these multi- 
pliers to estimates of annual direct income loss, the detrimental 
impact of predation lamb losses on the economy of south- 
ucstern Utah is shown in Table 5. During the 4 years studied, 
t>pe I indirect income losses were $1,166,000 and type II 

indirect losses totaled $1,8 16,000. 
It should be noted that total costs of coyote predation are 

composed of two parts: ( I) the value of sheep that are destroyed 
bj coyotes and (2) the costs incurred in attempting to control or 
deter coyote predation. Therefore, estimates in Table 5 ofdirect 
and indirect foregone income understate the total costs of 
predation by the amount ranchers spent on coyote control. 

A final recomtnendation made by the historic Leopold 
Committee ( 190-l) was that predator control programs be 
subjected to benefit-costs analysis. Cain et al. (1972) reiterated: 

Although the need for such economic studies was given high priority in the 
Lqxjld study. today, nearly eight years later. very little progress has been 
madtz in thi4 direction. .A review of costs and damage data available in 
I97 I re\,eals that the same state of affairs existed in IYh-t. 

Studies in predation economics have traditionally been limit- 
cd to estimates of depredation magnitude and assessment of 
d;lm;lge. Focus should now shift to estimating the optimum rates 
01 control and the coyote population density which is socially, 
economically, and ecologically acceptable. In economic studies 
ot‘pt’sticide usage. production function models have provided a 
conceptual framework from which public policy has been 
examined (Headley and Lewis 1967; Economic Research Ser- 
\ ice I (17 I ). Applied to predator control, a production function is 
the physical relationship between maximum obtainable lamb 
crop and successive increments of coyote control employed 
(Fig. 3). The level of coyote control and deterrent utilized 
throughout the current production cycle. plus residual control 
lrom previous yeals, are correlated with the resulting fall I,i‘nb 
crop. As the function approaches zero control, sample points 

Table 5. Direct and indirect income loss of herds l-10, herds 1,3, and 5, and for southwestern Utah, 1972-75. 

Lamb value per head 
1 cdr (dollars) 

I o-2 21.38 
I’):.; 28.07 
I ‘I;-? 30.71 
I’Ki 35.Y9 

Total ’ 
I il\L lCi~Cllc> 111 c0IUIllII Ittl,ll\ tlu! 10 roundlri:_! 

Herds 
l-10 

31 
23 
78 

No Data 

82 

Direct income IOQ 

Herds 
I ,3, and5 

I5 
Y 

I2 
h 

12 

S.W. Utah 

I11 
Y8 

I20 
h I 

119 

Indirect IIICOIIIC‘ ioh\ S.W. Utah 

Type I Multiplier Type II Multiplier 

302 00’) 
271 1” 
33-l 570 
104, 20.3 

I , 100 I .Xlh 
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a= f(X) 

Units of Coyote Control (Xl 

Fig. 3. Hypothetictrl production jwwtion, j(X), rtvith coyote control. X. the 
.sirlglc itlput ~411~1 lamb crop. Q, the output. 

\\ ill be absent because invariably some government or private 
control is practiced in any sheep producing area. Extrapolation 
cjt‘ the t‘unction to the ordinate intercept (dashed line in Fig. 3) 
c\tinlates the lamb crop in the absence of predator control-a 
t igurc b hich researchers have previously tried to calculate by 
\tudl ing comparaL)le areas with and without coyote control * 
(Munoz 1976; DeLorenzo and Howard 1975). Present value ol‘ 
the Iambs saved from predators (total lamb crop minus esti- 
mated Iamb crop u ithout control) divided by the corresponding 
present value of predator control expenditures is the benefit- 
cost ratio measuring efficiency of the control program. The 
cjptimum control ievel is where the production function is 
tangent to the price line P_,/Py in Figure 3. where P, is the price 
(cost) of a unit of coyote control and Py is the price (return of a 
unit ot‘ lamb production. At the optimum level. the last dollal 
\pcnt on cqote control or deterent would return a dollar in 
,&iitional Iamb revenue. Knowledge of the optimum Icvel 
\\ world allow control expenditures in excess of optimum to be 
rcduccd and inadequate programs to be bolstered. Any dcvia- 
tic)ns in coyote control or lamb crop from the optimum for social 
or en\ ironmcntal leasons could then be assessed in terms 4 
tr;&-ot‘t‘s between lamb production and coyote populations. 

Summary and Conclusions 

This study was undertaken to assess lamb losses to predators 
,~nd resulting economic losses in southwestern Utah. All field 
clLlta collected froni IO sample herds pertain to Iamb losses that 
occurred on spring and summer ranges between docking and 
111,u.hcting. Field \vork resulted in estimates of ( I ) total lamb 
1044. t 2) verified predator kills. and (3) natural mortality. Since 
ttlc‘ \ crit‘ied predation kilts represent only the minimum pre- 
d;ltIcjn loss. the pcrcentafe predation of discovered carcasses 
\\ c rc Llpanded to undiscovered lambs. The most serious 
predation occurred on summer ranges where intensive coyote 
dc‘tcrrcnt isn’t feasible. Fluctuations in total annual lamb losses 
\\crt‘ due primariiy to declines or increases in predation. 

The economic analysis was based on estimates of total 
prt‘dation loss. Even with current predator control programs, an 
,i\cragc sheep ranch in the region suffered an estimated annual 
Ialllb ICJSS of 81 .S56. Migratory range herds typical of those 
sampled averaged from $2,758 to $3,193 annually in predator 
Io~\c~. In addition. indirect regional losses could average as 
higIl as “2434,000 annually-a severe detrimental impact on both 
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the individual sheepman and the rural community. 
Sound public policy concerning predator control must be 

based on continued investigation of the complex relationships 
bctu,een predator population, predator control activities, and 
IiLestock losses to predation. Hopefully. the data and analysis 
presented will be helpful in resolving some ofthe many issues in 
predator management. 
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Alkaloid Levels in Reed Canarygrass Grown 
on Wet Meadows in British Columbia 

W. MAJAK, R.E. McDIARMID, A.L. van RYSWYK, K. BROERSMA, AND S.G. BONIN 

Abstract 

Hordenine, gramine, and 5metboxy-N-methyltryptamine 
(SMMT) were identified as the major basic alkaloids in reed 
canarygrass grown on wet meadows in Interior British Columbia. 
The concentrations of these anti-quality constituents, determined 
sequentially at four field locations, were exceptionally low com- 
pared with levels found for reed canarygrass grown under growth 
room conditions. Under field conditions, for example, SMMT 
levels did not exceed 250 pg/g (dry wt), whereas a peak level of 
1,250 pug/g SMMT was recorded from the growth room. De- 
pressed alkaloid levels under wet meadow field conditions were 
observed in all varieties tested including two experimental 
varieties, one registered variety, and a commercial type. Low 
alkaloid levels on wet meadows appeared to coincide with fewer 
types of alkaloids: 5-methoxy-N, N-dimethyltryptamine (SDMT) 
was not detected under field conditions but it was present in all 
reed canarygrass samples analyzed from the growth room. Field 
applications of fertilizer (NPK) appeared to have marginal effects 
on alkaloid levels. On wet meadows the trends indicated that 
gramine and SMMT concentrations increased toward the end of 
the growing season, but low total alkaloid levels were still main- 
tained. The factor of soil moisture stress is reviewed in relation to 
alkaloid levels in reed canarygrass. Recently developed thin layer 
chromatography (TLC) scanning procedures were used to deter- 
mine concentrations of gramine and SMMT. New TLC fluores- 
cence methods were devised for the quantitative determination of 
hordenine and SDMT in reed canarygrass. 

In the British Columbia Interior, large wet meadow areas 
composed primarily of low-yielding native sedge-grass mix- 
turns are being reseeded to reed canarygrass (Phularis arurzdi- 
IIMYCI L.) (van Ryswyk et al. 1974; van Ryswyk and Bawtree 
197 I ). Organic soil meadows and bogs in particular are be- 
coming a principal source of reed canarygrass hay in the central 
Cari boo region. The aftermath is grazed by cattle in late summer 
and fill. Ruminants grazing reed canarygrass can be debilitated, 
however, when the forage contains high concentrations of basic 
alkaloids. Marten et al. ( 1976) demonstrated that average daily 
gains were reduced and the incidence of diarrhea increased 
when sheep and cattle grazed high-alkaloid (0. I9 to 0.68% dry 
w t) as compared with low-alkaloid (0.06 to 0.32%) genotypes. 
The poor performance related in part to differences in reed 
canarygrass palatability which was highly negatively correlated 
with the total basic alkaloid concentration (Marten et al. 1973; 
Sinlons and Marten I97 1). The effects of high alkaloid diets 
were reversible. however. and permanent detrimental disorders 
were not observed (Marten et al. 1976). In contrast. the basic 

alkaloids of Phaluris uquuticu (P. tuberosa) have been linked to 
the occurrence of acute “phalaris staggers” in sheep (Gallagher 
et al. 1964; Rendig et al. 1976). Clearly the phalaris alkaloids 
can depress animal performance and therefore they are con- 
sidered to be anti-quality constituents. 

The above studies have emphasized the anti-quality effects of 
four indole alkaloid constituents: N,N-dimethyltryptamine 
(DMT), 5-methoxy-DMT (SDMT), gramine and 5-methyl- 
h-methoxy- 1 ,2,3,4-tetrahydro-P-carboline. The role of two 
additional alkaloids, 5-methoxy-N-methyltryptamine (SMMT) 
and hordenine (a phenolic alkaloid) has been obscured in part by 
a lack of sensitive and specific methodology’ (Coulman et al. 
1977). Similarly, technical difficulties have discouraged a 
quantitative study of the concomitant variation of individual 
reed canarygrass alkaloids. The presence of tryptamine alka- 
loids. for example, interferes with the calorimetric deter- 
mination of gramine and/or hordenine’ (Woods and Clark 
I97 I ). Specific tluorometric scanning methods have been 
developed recently for the quantitative determination of reed 
canarygrass indole alkaloids (Majak and Bose 1977; Majak et 
al. I ~78). In the present work we have expanded the procedures 
to accommodate the simultaneous determination of SDMT and 
SMMT. and a specific fluorometric scanning procedure has 
been developed for the quantitative determination of hordenine 
as the dansyl derivative. Accordingly, it was feasible to (a) 
monitor sequentially the specific alkaloid levels of reed canary- 
mass stands on four Interior Organic meadows in I3.C . (b) to 
examine some variety differences with respect to individual 
alkaloid levels and (c) to compare the wet meadow field values 
to growth room levels where much higher alkaloid concen- 
trations were produced. In effect. this survey will reveal the 
current status of anti-quality components in reed canarygrass 
srown on B.C. Interior Organic meadows. 

Materials and Methods 

Experimental Sites and Varieties 
Reed canarygrass stands were located at Strachan Lake (elev. 1,460 

m). Watch Lake (I, 190 m), Hopkinson’s Meadow (1,250 m) near 
LacLeJeune. 1.34 Mile House (750 m) and Horse Lake (930 m). These 
sites were situated over a distance of 200 km between Kamloops and 
Williams Lake. The soils were classified as Mesisols (Hemist) for the 
first three meadows, Humisol (Saprist) for the fourth, and Humic 
Gleysol (Aquoll) for the fifth, according to the system of the Canada 
Soil Survey Committee (1974) and the U.S. soil taxonomy system 
(U.S. Dep. Agr. 1975). 

Two experimental varieties, NRC 72 1 and NRC 74 I (“low 
tryptamine” and “high tryptamine” respectively) and a registered 

l’c~~m~t C‘OI~~I~~~II~IC~~IOII. I> L. Wood\. Ayxutrure Canada. S:I\hutoon. Sa\h 
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variety, Castor, were established at Hopkinson’s Meadow and under added to the crude plant extract, the above procedure recovered 
(yrowth room conditions in Kamloops. A commercial seedlot of known 
zrigin was also cultured in the growth room. The origins of the 

hordenine in 97% yield. With samples containing high levels of 
SMMT (>500 pg/g dry wt) a IO- to ‘O-fold dilution of extract B was 

commercial seedlots established on the remaining meadows were required to ensure the presence of excess dansyl reagent. 
unknown. A standard peat-sand mix in pots (B.C. Ministry of Agr. 
I972), a 1 I” C room and soil temperature and a 13-hrphotoperiod were 
used in the growth room. The light source was fluorescent lamps 
(Vita-Lite, Duro-Test Corp.) generating approximately I.50 cal/cm”/- 
day at the average height of the grass. 

Plant Samples 
Composite samples of reed canarygrass ( IO0 g fresh wt unclipped, 

aerial portions) were harvested sequentially from a 3 x 8.4-m plot at 
each meadow. transported on ice. and frozen. A measure of the 
variability within a plot was obtained by dividing each plot into I .5 x 
’ I m quarters and a _ -. ‘5 g fresh wt sample from each quarter was 

collected for alkaloid analysis. Each frozen sample was chopped finely 
in a coldroom (2” C), a IO-g subsample was tared for extraction, and 
duplicate subsamples were used for dry wt determinations. Since the 
extraction procedure was complete (as evidenced by chromatographic 
checks of serial extractions) and since there was close agreement 
between duplicate extractions (<+5% variation with respect to 
duplicate alkaloid determinations), a single extraction of each sample 
was found to be sufficient. 

Quantitative Determinations 
For gramine, SMMT, and SDMT determinations, a frozen IO-g 

portion was extracted, fractionated, and two-thirds of the final 
chloroform extract was washed with water, concentrated to dryness, 
and redissolved in 0.25 mt 2-methoxy-ethanol (extract A) as des- 
cribed previously (Majak and Bose 1977). For hordenine deter- 
minations the water wash was omitted from the remaining one-third 
portion of the chloroform extract, and this was concentrated to dryness 
and redissolved in 0.5 mC l-methoxy-ethanol (extract B). 

Microliter aliquots of extract A were applied to precoated TLC 
plates for quantifying gramine and SMMT by tluorometric scanning 
(Majak and Bose 1977; Majak et al. 1978). Samples which contained 
both SMMT and SDMT were resolved in a new chromatographic 
system which permitted the quantitative determination of both com- 
pounds on a single plate by acid-induced tluorescence as follows: A 
silica gel 60 plate (E. Merck, Darmstadt, EM No. 57h3) was exposed 
to HC I fumes for I5 min. Following the exposure, aliquots of extract 
A and reference standards were applied, the plate was developed in 
isopropanol:ethyl acetate:conc. HCI, hO:l5: I, and dried in a fume 
hood for IO min in a uniform current of air away from direct light. 
5MMT (Rf 0.32) and SDMT (Rf 0. IO) were located by their bright 
yellow fluorescence under short-wave ultraviolet light and immedi- 
ately scanned at right angles to the solvent tlow using the tluoro- 
meter conditions described previously (Majak and Bose 1977). When 
an authentic sample of SDMT was subjected to the above fraction- 
ation procedure, the compound was recovered in 95% yield. 

T’. 7 procedure for hordenine determination was as follows: Extract 
B. ?!,O c_l( , was concentrated to dryness in a 0.3 mL Reacti-vial and 
securely capped using a Tuf-Bond disc (Pierce Chem. Co. No. 
I27 I?). The dried residue was dissolved by injecting 100 ~4 acetone 
and this was followed by injections of 100 kk 0. I N NaHCO:{ and IO0 
puf clansyl chloride reagent (prepared fresh daily by dissolving IS mg 
dansyl chloride in 5ml acetone and stored in the refrigerator). The vial 

Results and Discussion 
Alkaloid Profiles 

The alkaloid screening experiments conducted during I977 
cont‘irnltxi our previous observation (Majak and Bose 1977) that 
tlr~nine. hordenine and 5MMT are the primary basic alkaloids c 
in rtxd canarygrass g-own on Organic soil meadows in Interior 
British Columbia. The alkaloid profile of reed canarygrass 
?II~JLVII on the Gleysolic soil meadow (Horse Lake) was similat 
tI‘:tblc 1 ). and SMMT appears to be the major component of the 
ut~iclcntit‘ied tryptamines reported for the Thompson River 
11~dow (Pat-mar and Brink I <17h). Growth room samples 
contained an additional alkaloid. identified as SDMT on the 
b:isis of tluorescence and co-chromatography with authentic 
iI>lzlT in ;I number of solvent systems on cellulose and silicagel 
TLC. Tetrahydro-/3-carboline derivatives and DMT were not 
clctcctt’d in the present studies. 

Table 1. Mean concentrations (pg/g dry wt) for SMMT, gramine and hor- 
denine in reed canarygrass subcomposite field samples. 

Site 

Stmchan L. 
I.14 IMile 
Watch L. 

Hor\c L. 

Collection 
date 
I977 

Auf. I I 
Jul. 71 

Junc’l 

June 7 I 

IMeans of experimental plots 2XC 75 B 33 A 

f’;lrnl;lr md Brink ( 1970) suggested that the tryptamines of 
rtml canaryg-ass could be implicated in a pasture-mediated 
1ortn ot‘ bovine pulmonary emphysema prevalent throughout 
Interior British Columbia and the intermountain states. Intra- 
ru~ninal administration of indole derivatives such a tryptophan 
and indole acetic acid will induce pulmonary miphysema and 
Ama in cattle and the active metabolite. dissimilated by 
ruininal niicroorganisms. has been identified as 3-methylindole 
(C‘arlson et al. 1972). Yokoyama and Carlson ( 1073). however. 
sho~tx! that for a number of indole compounds. including 
tr> ptmline and 5-hydroxytryptamine. microbial degradation to 
.:-mcthylindole does not occur, and whether indoles such as 
ihlhlT. SDMT. or gramine are potential substrates for 3- 
iiicthylindole tortnation rcniains to be seen. 

was heated for 30 min at 30°C in the dark, then chilled in a freezer 
before applying microliter aliquots to a silica gel 60 plate (EM No. 

t’ariability in Alkaloid Concentration 

570.:) with adjacent dansyl-hordenine standards. The TLC plate was 
Alhaloid identification at each site was folloutxi by a series ot 

deceloped in freshly prepared PENE solvent (Majak et al. 197X) and 
tt’plic~~te determinations to c Give an indication of the variabilit) 

dried for h0 min in a fume hood, minimizing exposure to light. The 
!li ,~lh,~loid concentration within each experimental plot. A 

dansyl-hordenine spots (RfO.75), located by their yellow tluorescence !\:lo\\ Icclge of the potential variation within a site would provide 

in short-wave ultraviolet light. were scanned at right angles to the c~ h:is t s for coniparin_ p sequential alkaloid values. Table I lists 

sollent flow using the tluorometer conditions described previously tllc nlcans for 5MMT, gramint: and hordenine derived from 
(hl.tjah et al. 1978) but employing a No. 8 (Tunler No. 110-817) ~ubconlposite samples at three Organic and one Gleysolic 
secondary filter. The relationship between peak height and dansyl- ~~~c,lclou. A high degree ot‘ variability is indicated within each 
hordenine concentration was linear over the range 0.05 to 0.5 pug c”\pl’rrmental plot and. in the case of hot&nine. between 
hordenine. When an authentic sample of hordenine (100 pg) was rcl)llctite plots at two sites (Table I ). The variability could be 
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Fig. 1. Alkaloid levels ( pglg dry wt) in commercial reed canarygrass’ established at three wet meadows (solid symbols) and in the growth room (solid symbols) 
during 1977. Date of harvest on meadows indicated by arrows. 

related to differences in plant nutrient uptake as affected by 
variations in depth to water table and inherent soil fertility 
differences within plots.2 

The gramine and hordenine values reported in Table 1 are 
exceptionally low in comparison to previously reported figures. 
A survey of reed canarygrass introductions conducted by Coul- 
man et al. (1976), for example, yielded mean gramine con- 
centrations of 2,090 pug/g dry wt (range 40 to 6,910 pglg) 
and 2,200 pg/g (range 170 to 115 10 rug/g) over a 2-year study. 
On the other hand, clones selected for low gramine yielded 
average values of 190 pg/g gramine and 1,220 pg/g hordenine 
(Coulman et al. 1977), but these values are still in excess of our 
means shown in Table 1. Summation of the individual alkaloid 
values in Table 1 reflect a total basic alkaloid content of 0.02 to 
0.05%) a range that would be considered lower than previously 
reported low alkaloid levels (Marten et al. 1976; Hovin and 
Marten 1975). The low SMMT values in Table 1 are in 
agreement with our previous analyses of reed canarygrass 
samples from Organic meadows in 1976 when the observed 
range was 14 to 67 pug/g (Majak and Bose 1977). 

Changes in Alkaloid Levels During the Growing Season 
The next step was to sequentially monitor alkaloid levels on 

meadow sites and to observe possible fluctuations during the 
growing season. Figure 1 illustrates the results of this study at 
three meadows where reed canarygrass had been established 
from commercial seed. Low concentrations of SMMT, usually 

* van Ryswyk, AL., 1977. Unpublished results. 
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<60 pg/g dry wt, were maintained throughout the growing 
season. Low gramine levels (< 125 pg/g at Watch Lake and 134 
Mile) on the other hand were elevated in the regrowth herbage 
after harvesting but a similar response was not observed from 
hordenine. Excluding the September gramine value for Stra- 
than, the trend of seasonal plot means was hordeninecgramine- 
>SMMT and a similar trend was observed at Hopkinson’s 
Meadow (Fig. 2). Depressed values for SMMT, gramine, 
and hordenine were recorded at Hopkinson’s Meadow in all 
varieties tested (Fig. 2). Under growth room conditions, how- 
ever, not only were the levels of SMMT, gramine, and 
hordenine substantially elevated but SDMT made an appearance 
for the first time (Fig. 1 and 2). Higher SDMT levels were 
observed in the experimental variety NRG 741 and in the 
commercial type (Fig. 1 and 2), as compared with NRG 721 and 
Castor (not illustrated), which gave peak SDMT values of 300 
pg/g and 150 pug/g, respectively. Summation of the peak 
alkaloid levels produced under growth room conditions gave a 
total alkaloid content of 0.84% for the commercial type (Fig. 1) 
and 0.96% for the experimental variety NRG 741 (Fig. 2). 
These values could be considered debilitative (Marten et al. 
1976) but not excessive since Simons and Marten (197 1) have 
reported a total basic alkaloid range of 0.01 to 2.75% for reed 
canarygrass clones. Therefore the outstanding feature recorded 
in Figures 1 and 2 is not so much the increased level in the 
growth room environment as the suppressed level and fewer 
types of alkaloids in wet meadow field situations. 
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Fig. 2. Alkaloid levels (pglg dry wt) in three varieties of reed canarygrass at Hopkinson’s meadow (open symbols) and in the growth room (solid symbols) during 
1977. 

The low alkaloid accumulation on wet meadow sites cannot 
be attributed exclusively to deficiencies in soil fertility. In fact, 
Marten et al. ( 1974) demonstrated higher alkaloid levels in reed 
canarygrass grown on infertile peat as compared with fertile 
mineral soils. Where nutrient amendments have elevated alka- 
loid levels in reed canarygrass, the changes have been relatively 
small. A six-fold increase in NHlNOs application (from 50 to 
300 kg/ha N) for example, produced only a 13% increase in total 
tryptamines (Parmar and Brink 1976). Similarly, application of 
complete fertilizer and additional nitrogen (240 kg/ha N) to an 
infertile peat soil resulted in a minor change in total alkaloids as 
the level increased from 0.05 to 0.07% (Marten et al. 1974). 
Furthermore, we compared alkaloid levels in reed canarygrass 
growing on fertilized wet meadow plots which had received an 
original application of 150 kg/ha N (NHdNOs), 100 kg/ha P, 
and 200 kg/ha K, followed by mid-season application of 150 
kg/ha N. The results indicated that only in 6 out of 30 cases 
during the growing season was an alkaloid concentration at least 
doubled in comparison to reed canarygrass samples from 
unfertilized plots. For example, on fertilized plots SMMT and 
gramine increased to maximum levels of 164 pg/g and 1,806 
pg/g, respectively (Strachan Lake, Sept. 29); and hordenine 
increased to 625 ,q/g (Watch Lake, June 21). These levels are 
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still well below the high-alkaloid range generated in the growth 
room. 

Marten (1973) observed that increased alkaloid levels in reed 
canarygrass are produced in response to moisture stress and 
concluded that of all the environmental parameters tested in 
relation to alkaloid accumulation the most critical was soil 
moisture availability to plants. The corollary suggests, there- 
fore, that in reed canarygrass alkaloid biosynthesis could be 
diminished under optimal moisture conditions. A continuous 
store of soil water available to plants under negligible soil 
moisture tension typifies the saturation conditions of Organic 
soil meadows. In this situation one would expect reed canary- 
grass to be under minimal moisture stress. In the absence of 
rainfall in late summer and early fall the depth to water table on 
wet meadows can increase, but the availability of water is 
maintained usually by upward capillary movement. Trends 
reflect increasing indole alkaloid (SMMT and gramine) con- 
centrations toward late summer (Fig. 1 and 2) and whether this 
is in response to an increase in moisture stress remains to be 
seen. Previously, we reported a range of values for gramine 
(280-780 pg/g in the Castor variety established on Solonetzie 
soil (Majak et al. 1978). This saline situation features a soil 
moisture stress situation for plants that could be reflected in the 
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clcvated alkaloid levels. Further research will reveal whether 
moisture availability can control alkaloid accumulation in reed 
canarygrass. 

In conclusion. factors which could enhance alkaloid bio- 
svnthesis in the growth room should be considered and these 
include reduced light energy and rapid vegetative regrowth in 
response to clipping. Artificial shading experiments have 
denronstrated a dramatic rise in DMT and SDMT concentrations 
\\ hen P. tuherosu was exposed to <34c/( full sunlight (Moore et 
al. I %7). Similarly. total basic alkaloid concentration in reed 
canarygrass increased by over 50% in response to shading 
t hlarten 1073). Light energy in our growth room was measured 
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TECHNICAL NOTES 

Southern Wax-myrtle Response Following Winter Prescribed 
Burning in South Florida 
STEVE W. TERRY AND LARRY D. WHITE 

Abstract 

Southern wax-myrtle is an undesirable shrub that is invading thousands 
of acres of rangeland in south Florida. Prescribed burning has been 
considered a potential management tool for maintaining pastures free of 
M al-myrtle. Results of this study show wax-myrtle to be easily crown killed 
bj a single winter fire. However, most plants survive through basal 
sprouts. Use of prescribed winter fire to reduce wax-myrtle competition 
will require repeated periodic burns coordinated with cattle grazing 
programs. 

Southern wax-myrtle (A4~riccr cerijeru L.) is a small, aromatic, 
c\crgreen shrub or tree common throughout the coastal plain of the 
4oulka~tern United States (Grelen and Duvall 19hh; Kurz and 
God t re> I9h.J). Southern wax-myrtle is rapidly invading many ranges 
throughout southern Florida. McCaleb ( 1970, personal commini- 
catton) estimated two million acres of south Florida already invaded, 
and eon to “become shaded to the point that forage production will be 
reduced to the extent that major pasture renovation will be required.” 
The noticeable increase in wax-myrtle is most common on areas where 
Ijrchcribed burnin g is not used as a periodic management practice. 
Grclen and Duvall ( I%h) reported that wax-myrtle plants survive 
burning by resprouting vigorously from the root collar. “Plants 
burned periodically average about 3 feet high, forming large, many- 
stemmed clumps.” Similarly, Givens ( 1001) observed that burning 
can bc used effectively to prevent encroachment of myrtle on beach 
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VIEWPOINT 

Comments on the Protection -of an Endangered Species 
PATRICK C. JOBES 

Throughout much of the Rocky Mountain West, an endangered 
species, the rancher, struggles for his survival. Struggle for survival is 
hardly new to ranchers. They have endured long, cold winters, dry 
summers, predators, and declining wool and beef markets. These 
elements have taken their toll but in many pockets of the Rocky 
Mountain West, ranchers continue to occupy essentially the same 
niche as they have since World War II or, for that matter, since the turn 
of the century. Their means of adaptation have been slightly modified. 
The speed and power of their geographic mobility have increased, 
their dens have become plusher, their operations in their habitat have 
increased in scale but their niche still remains much as it has been for 
nearly a century. 

A transplanted species that was largely responsible for the near 
extinction of indigeneous species occupying the territory prior to their 
invasion, the rancher appeared to be peculiarly well adapted to its 
habitat. However, recent threats have begun to threaten many of the 
species. In particular, usually relatively isolated, locales competition 
between ranchers and other human species has caused some alarm to 
environmentalists and to administrators responsible for the protection 
of this and other species. The questions which these concerned persons 
most confront are first, whether it is possible for this species to survive 
these threats and second, whether the costs of ensuring survival can be 
justified in terms of the considerable costs which may be expended for 
their preservation. 

Recent research in the natural habitat has led to several observations 
and generalizations. In lieu of the potential extinction of the species 
such recording is essential for knowledge available to future genera- 
tions. Moreover, it is hoped that such observations will prove of 
scientifid merit for related research. 

The Rocky Mountain rancher does not appear to have any especially 
advantageous biological characteristics which can account for adapta- 
tion to its environment. His size and intelligence appear to be similar to 
other sub-species of humans. His color is disproportionately light, 
although early population movements among this light-skinned 
variety probably were more of a function of his historical idiosyn- 
cracies than of peculiar adaptive advantages among this sub-species. 
His current foliage, which shows little seasonal variation, appears to 
have evolved from earlier adaptive characteristics which have become 
dysfunctional elsewhere. Among these characteristics are pointed toed 
feet elevated at the heel, stove-piped, frequently bowed legs, and 
broad brimmed heads. So common are these characteristics that the 
rancher might become known as the broad-brimmed, pointed-toed 
sub-species. 

Although the appearance of most Rocky Mountain ranchers is well 
defined, their activities can be differentiated. Predominantly specializ- 
ing in the domination of more submissive animal varieties, many 
ranchers also participate in other subsistence activities. Many have 
been observed altering natural waterways, gathering and storing feed 
for the winter through a variety of mechanisms. They further have 
been observed spending inordinate amounts of time in brief migrations 
in four wheeled vehicles with open boxes. 

Ranchers had appeared to be successfully adapted to their environ- 
ment until recent years. Their domination of the environment and 
competing sub-species indicated that their adaptive characteristics of 
rugged individualism, tight lippedness, and geographic isolation, 
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might well permanently sustain them. However, these characteristics, 
SO adaptive in earlier periods appear dysfunctional against new 
varieties of competition. Recent competitive sub-species with dif- 
ferent adaptive skills appear likely successors to ranchers where such 
new skills are effectively used. These new skills, rugged collectivism, 
oral effusiveness and massive proximics, make their intentions for 
new occupation for the area appear likely. Thus, vestigial rancher 
characteristics so adaptive for the ranchers during the earlier period of 
stable agricultural land use appear to be obsolete for preventing 
conversion of land to other uses. In fact, these obsolete characteristics 
seem to guarantee that new and different successors will replace the 
ranchers, who, being incapable of organization or communication 
even for the purposes of the survival within their niche, are easy foes. 

During recent years all sub-species have been subject to severe 
competition, in light of the environmental perils mentioned earlier, 
with other species. In particular, the sub-divider and the consolidator 
(agribusiness) have successfully preyed upon or succeeded ranchers of 
most sub-species. This succession alone deserves discussion else- 
where. However, a new competitor, the energy developer, recently 
has threatened the habitat of many ranchers. This competition and its 
probable impacts pose the greatest threat yet experienced by the 
rancher. 

Many readers may object to the foregoing discussion because of its 
deliberate depersonalization of rural ranch society. At issue, though, 
is whether the society should be preserved and, if it should be, then 
how it should be done. The characteristics of rural ranch society make 
its continued existence unlikely in areas where land values exceed the 
potential agricultural profit from the land. Massive mining, recrea- 
tional development, and residential development constitute competi- 
tion to the agricultural use of land and, consequently, to the life style 
that emerged from such use. The impersonal discussion merely 
suggests that persons in agriculture in relatively natural settings have a 
vulnerability to imposed change from other uses. The analogy 
between rural ranch society and endangered animal species is ironic, 
though, because in many cases the animals enjoy greater protection 
than do the humans. Humans are felt to be capable of readapting to 
their altered environments as indeed they are. Even the ranchers most 
adamantly opposed to development will not die from development. 
But, their way of life will case to exist as they lose in the competition 
for their land. 

Federal and state governments are well aware of the issues involved 
in displacing persons in order to permit new uses of the land. Most 
displacement occurs with acquiescence, if not jubilation, toward 
proposed developments. Most ranchers appear to be strongly opposed 
to the changes affecting local lands and their lives. In spite of their 
opposition to such changes most legal arguments regarding develop- 
ment center around the probabilities of land reclamation, air and water 
pollution and similar effects on the physical environment. Somehow 
this emphasis of placing the physical environment in a more primary 
position than the social environment seems topsy-turvy. The way of 
life and the feelings of persons are the genuinely unique characteristics 
of humans and these are the characteristics which have emerged as 
most negotiable or ignored when decisions on land use are made. After 
all, among humans it is the manner in which life takes place rather than 
mere survival which distinguishes from other species. Certainly the 
variety of life styles deserves protection as much as do the lives of 
lesser species. 

328 JOURNAL OF RANGE MANAGEMENT32(4), July 1979 




	TABLE OF CONTENTS: Vol. 32, No. 4, July 1979
	ARTICLES
	Low-Level Aerial Photography as a Management and Research Tool for Range Inventory
	Herbage Response to Grazing Systems and   Stocking Intensities
	Fertilizing and Burning Flint Hills Bluestem
	Vegetation Stagnation in Three-Phase Big Game Exclosures
	Grazing and Overstory Effects on Rotationally Burned Slash Pine Plantation Ranges
	Prescribed Burning: Vegetative Change, Forage Production, Cost, and Returns on Six Demonstration Burns in Utah.
	Control of Common Goldenweed with Herbicides and Associated Forage Release
	Comparison of Fecal, Rumen and Utilization Methods for Ascertaining Pronghorn Diets
	Factors Affecting Root of Stem Cuttings of Salt Desert Shrubs
	Emergence and Survival of Honey Mesquite Seedlings on Several Soils in West Texas
	Control of Saltcedar by Subsurface Placement of Herbicides
	Response of Native Grassland Legumes to Water and Nitrogen Treatments
	Response of Blue-winged Teal to Range Management on Waterfowl Production Areas  in Southeastern South Dakota
	Interactions between Mule Deer and Cattle on Big Sagebrush Range in British Columbia
	Production Response of Native and Introduced Grasses to Mechanical Brush Manipulation, Seeding, and Fertilization
	Effect of Grazing by Cattle on the Abundance of Grasshoppers on Fescue Grassland
	Potential Evapotranspiration and Surface mine Rehabilitation in the Powder River Basin Wyoming and Montana
	The Economics of Sheep Predation in South-western Utah
	Alkaloid Levels in Reed Canarygrass Grown on Wet Meadows in British Columbia

	TECHNICAL NOTES
	Southern Wax-myrtle Response Following Winter Prescribed Burning in South Florida

	VIEWPOINT
	Comments on the Protection -of an Endangered Species


	AUTHORS
	ALLEN, B.L.
	BARKER, JERRY R.
	BERLINGER, STEPHEN S.
	BONIN, S.G.
	BOWNS, JAMES E.
	BROERSMA, K.
	BUSBY, FRANK E.
	CLARY, WARREN P.
	CROFTS, KENT A.
	DODD, J.D.
	DODD, J.L.
	DRAWE, D.L.
	FREDRICKSON, LEIGH H.
	GONZALEZ, C.L.
	HOLLINGSWORTH, E.B.
	HOLMES, N.D.
	JARAMILLO, D.C.
	JOBES, PATRICK C.
	JOHNSTON, A.
	KAISER, PATRICK H.
	LACEY, JOHN R.
	LAUENROTH, W.K.
	LEWIS,J. K.
	MAJAK, W.
	MAYEUX, H.S.
	McDIARMID, R.E.
	MCLEAN, A.
	OWENSBY, CLENTON E.
	QUIMBY, P.C.
	RALPHS, MICHAEL H.
	RICHARDSON, STEVEN G.
	RITCEY, R.
	SCIFRES, C.J.
	SHANDRUK, L.J.
	SMITH, A.D.
	SMITH, D.S.
	SMITH, ED F.
	SMITH, LYNNE L.
	TAYLOR, R.G.
	TERRY, STEVE W.
	TOWER, JERALD D.
	TOY, TERRENCE J.
	TUCKER, R.
	TUELLER, PAUL T.
	UECKERT, DARRELL N.
	VAN EPPS, GORDON A. 
	VAN POOLLEN, WALT H.
	van RYSWYK, A.L.
	WALLER, S.S.
	WHITE, LARRY D.
	WILLMS, W.
	WORKMAN, JOHN P.


